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PREFACE. 



In the present volume the author has endeavoured to show 
the great strides made in the metallurgy of lead and zinc, 
and to incorporate in it the latest applications of electrical 
science, not only in cleansing the ores, but also in their after- 
treatment. 

The work also contains a description of the pigments of 
both metals, their manufacture and properties ; and to make 
this portion as comprehensive as possible, the drying oils and 
siccatives, and their relation to pigments, are dealt with. In 
addition to other information of importance to the colourist, 
the value of the work is enhanced by a chapter devoted to 
the assaying and analysis of lead and zinc ores, and the 
quantitative testing of paints and oils. 

The book is divided into seventeen chapters, and is 
illustrated with forty drawings, specially made by Mr. 
Levi Lambert, to whom great credit is due. 

In conclusion, the author hopes the work will be studied 

with advantage by those engaged in the above branches of 

industry. 

THOMAS LAMBERT. 
JvJy 1902. 
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2 LEAD AND ITS COMPODNDS 

Bcvijral passagea. The treasures of Solomon included not 
only gold and silver, but also lead. In Proverbs, mention m 
made of a silver dross, which was probably the oxidised lead 
left in the winning of silver from the galena ore, and used aa 
a glaze for earthenware. In describing " the riches and 
abundance" of Tyrus, Ezekiel makes reference to lead, along 
with other luetals, traded at the fairs of Tarshish, The 
enterprising and industrious Pboeuicians largely derived 
their opulence from the trading in lead and silver. Accord- 
ing to tradition, they sailed to the Iberian peninsula, dis- 
covered the Bay of Cadiz, and bartered oil for the lead and 
silver of the natives, carrying their treasures back to Asia to 
adorn the temples of Solomon, At a later age, Eome, then 
in the zenith of its power, cast covetous eyes on the mineral 
wealth of tlie Peninsula, and, disputing with Carthage for its 
possession, succeeded in 45 B.C. in conquering the country. 
Then commenced that extensive system of mining and 
smelting, which for grandeur of conception and mechanical 
genius have astonished metallurgists of the present age. 
During the occupancy of the Eomaua. extending to four 
conturies, some of the mines were carried to a depth fully 
equal to any presently working. At Caberzo-Rejado, in the 
jirnvince of Muroia, the remains of ancient mining have been 
found tit a depth of UtOO feet from the surface. The vast 
oxlciit of the operations may he gathered from the existence 
of our ;I0 nullion tons of nu^tallic slag, found around Huelva, 
and which woidd rcprest'nt about IJ million tons of metal 
flmolU>d from the ores, mined by the Konians. Pliny says 
that ^0.000 skvoa woro employed in these mines, and that 
at tinips the Unniaii army tiwk ^lart in their development. 
Amoiig the many euritwities brought to light relating to 
Koiiian milling in Sjiaiii, may \v mentioned a copper slab 
diBOoveroil in <»ni» of the inincK at Huelva, in July 1772, and 
oonljiininii iin iuni'iiplii'u showing that the mine was in 
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charge of Procurator Pudente, during the reign of the 
Emperor Nerva. 

British lead-mining may be said to have had its origin 
in that pre-Eoman period, when the Phoenicians visited 
Cornwall in quest for tin. Our knowledge of their opera- 
tions is, however, very obscure and untrustworthy. It was 
not until several centuries had elapsed, and the country came 
under the dominion of the Eomans, who landed on our 
shores imder the command of Julius Ca3sar in 55 B.C., that we 
find any tangible evidence of the development of lead-mining. 
During the 400 years of their occupancy, they industriously 
worked the counties of Cumberland, Westmoreland, York, 
Derby, Somerset, Devon, and Cornwall for their mineral 
wealth. With the decline and fall of the Eoman Empire, 
and the consequent withdrawal of her military power from 
this country, lead-mining fell into decay, continuing in this 
condition for several centuries. 

According to Hunt, the rich silver-lead veins of Devon- 
shire, notably at the Coombe Martin and Beer Alston mines, 
were largely worked in the reigns of Edward i. and Edward ii., 
chiefly for the silver they contained ; and the same authority 
states that Henry vii. and Queen Elizabeth fostered the 
industry by importing German miners to work the lead mines 
in different parts of the country. In the eighteenth century 
the production of lead and silver was very low, and the last 
century was well advanced before the industry assumed a 
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national importance by the opening up of new mines, jind the 


inkoduction of modern mining machinery. 


The table oi 


the preceding page gives the returns under 


the Metalliferous Mines Regulation Acts of the working lead 


mines for the years 1861-62 and 1890-01. 


In 1890-91 England is credited with 293 mines, located 


in the limeatono formation of Uerhyshire. Many of the 


mines, however, 


re only small workings, each yielding but a 


few tons of galena ore in the year. 


Ores of Lead 


— The following ores, in which lead forme 


one of the principal constituents, are known to mineralogists: — 


Aciculite 


■ S;}^--* d 


Altaite. 


. Telluride of had— PbTe. ^W 


Anylesite . 


. Sulphate of lead— PbS(V "" 


Aneoxene 


. Zinkeferoua vanadate of lead. 




. 2PbS . AsjOj. 


Binnite 


, A mixture of the minerals— ursenomelane 






nieinieritv . 


. Autimoniate of lead— PbjSboO;, . 411,0. 


Boulai^eritc 


. Antimonial :^ulphide of lead— 3Pb8. s\s,. 


^L Boumonite . 


. Sulphides of copper, autimonv, and lead — 


■ 


(2PbS . Cu,S)SbjSj. 


^H Itrozniarditc . 


. Sulphides of lead, antimony, and silver — 


■ 


Pb.Ag,S,.SbA. 


^1 Caledonit« . 


. Cupreous suIphat<warbonate of lead— 


■ 


(Pb ; Cu)CO, . PbSO,. 


^H Cerasin 


. Chlonwyirbounte of lead— PbCi^ . PbCO^. 


^H Cerusile 


. Native while lead ore— PbCO,. " 


■ ChiletU) 


Vsnadale of lead and copper — 


■ 


(Pb ; Cu),(VO,), . 3(Pb ; Cu>0. -^ 


^H Chiviatitc 


. 2Pb8.3Bi^. ^H 


^H CUustha]it*> . 


. $elonidc ot IpmI— PbSc. ^H 


^^ Cotunnite 


. Native chloride of lead— PbCI^ ^^ 


Orocolsite . 


. YpIIow chroinaU- of lead— PhCrO^. ' 


Cuproplumbite 


. Sulphides of lead and coppei^2PbS . CuS. 


DMlionite 


. Vanadate of lead— PbV,(V 


Desclolate . 


. 2Pl.4l.V30j0r PhjVjO;. 
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Em'brothite . 
Eusyjichite . 
Freislebenite 

Galena . 

Geocronite . 
Heteromorphite 



Antimonial sulphide of lead — 3PbS . SbgSo. 



. Vanadate of lead — PbVgO^j. 

. Antimonial sulphides of lead and silver — 

PbaAg^Ss . 2Sb2S3. 

. Sulphide of lead— PbS. 

. Arseniferous schulzite. 

. Antimonial sulphide of lead — 2PbS. 

Hydroaluminous lead . Hydrated aluminate of lead — PbAl^O^ . 



Jamesonite . 
^ilbrickenite 
"Kobelhte . 



Lanarkite 

Lead glance 

Lead . 
Lead ochre 
Leadhillite 

Lehrbachite 
Linarite 

Matlockite 

Melanochroite 

Mendipite 

Meneghinite 

Mimetesite 

Minium 

^""agyagite 

Needle ore 

Patrinite 

Phoenicite 

Phosgenite 

Plattnerite 

Plumboresinite 

Plumbostib . 



6H2O. 
Antimonial sulphide of lead. 
6PbS . SbgSg. 
Antimonial sulphides of lead and bismuth — 

/2Sb.3Bi\ [Sg. 

Sulphato-carbonate of lead — PbCOg . 

PbSO^. 
Syn. with galena. 
Native. 

Native protoxide of lead — PbO. 
Sulphato-tricarbonate of lead — SPbCOg. 

PbSO^. 
Selenide of lead and mercury — (Pb. Hg)Se. 
Cupreous sulphate of lead — (CuHoOg. 

PbSOJ. 
Oxychloride of lead — Pb2Cl20. 
Chromate of lead— 3PbO . 2Cr03. 

PbgClgO^. 

Antimonial sulphide of lead — 4PbS . SbgS-j. 

PbClg . SPbg AS^Oy. 

Red oxide of lead — PbgO^. 

Telluride and selenide of lead and gold — 

(Pb ; Au,)(Te ; Se). 
8yn. with aciculite. 



>> 



>> 



Chromate of lead — PbCr04. 
Chloro-carbonate of lead. 
Peroxide of lead — PbO.^. 
Syn. with hydroaluminous lead. 
Syn. with boulangerite. 



I'DlyephsErite 

Bchul^ite 
Sclenato of te»il 
Stokihi 
Suhannito . 

Vanailinitc, , 



Wntchito 
Wulfeiiite 
Ziiickonito 



t.EAB AND ITS COMPOUNDS 

, , Chloroph<rapliate of leaii with calRmm 

chloridfr— aPbaP^Og + PbCl^ + CaCJ^ 
. Antimouial sulphide of lcad^5Pb8 . SbjSj, 
PbSeO^. 

TungatatB of lead— PbWO^. 
Rhombohedral sulphato-tricarbonate of 
lead— PbSO^ . SPbCOg. 

SPbyVgOa . PbClg. 

Chromatea of lead ami copper — 
3Cu01 

Syn. with bournonite, 
Molybdate of lead. 
Antimonial Bulpliidc of lead — 
PbS . SbaS^ = Pb 1 

sb,r*- 

Kxceptiiig gdleuu or sulphide of lead, ceruaite or carbonate 
of loail, iiQgleBite or sulphiite of lead, and, to some extent, 
mimetesitb or the arsenate of lead, these ores, owing to theii- 
Bptu^u oociirreiice, are only interesting to the mineralogist : 
ovuii if thoy could be profitably mined, many would be 
nnsuitiible foi' metallurgical purposes. 

Ualona ia tliu most important and abundaut of the ores 
of lead, and it is the chief smelting mineral, not only for 
load, but silver also, which is assttciated with it in the form 
of Bilviir sulpliido. Iferuaite and anglesite are used also for 
Imd extmi'tioii, Imt, from their limitotl distribution, are rained 
in far lews unautities, Milm^lesito finds a partial use in flint- 
^lima making. 

(litl^Hiu — Tlio I'lv when piiro liiis u composition of — 

I^d S6-65 

Suljiluir 13-35 

100-00 
Whpii uiiit<\l, lii>\vi'\i'v. il is gtjnci-ally iiupn^uated with 
suikII iiuiiulitit'v i>f Iho Hul|>hidi.\s nf silver, antimony, and 
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zinc, and intersperBed with particles of fluor-spar, quartz, 
calc-spar, or dolomite, according to the geological formation 
carrying the veins. 

The following analyses of cleansed ore, by the author, 
express the composition of galena : — 





S)>ain. 

83-79 
0*01 
0*12 

0-28 
15-80 


England. 


Scotland. 


Stonecroft. 


Roman Gravels. 


Lead Hills. 


Lead .... 

Silver .... 

Antimony . 

Zinc .... 

Iron .... 

Sulphur 


85-71 
0-03 

0-14 

0-05 

14-07 


85-22 
0-018 

0-26 

0-11 

14-39 


86-29 
0-07 

• • • 

13-64 


100-00 


100-00 


99-998 

1 


100-00 



Galena has a metallic lustre, and is of a lead-grey colour. 
The specific gravity ranges from 7 '3 to 7*6, and the hard- 
ness from 2*5 to 2*7. On charcoal, before the blowpipe, the 
ore fuses, and is then reduced to the metallic state with 
evolution of sulphurous acid fumes, the globule of lead 
formed containing the whole of the silver, which is separated 
by cupellation. 

When partly roasted in contact with air, galena is oxi- 
dised to sulphate and monoxide of lead, and these compounds 
again reacting on further portions of the sulphide, reduction to 
the metal takes place with liberation of sulphurous acid gas. 
The ore is very widely distributed, being found in more or less 
quantities, in nearly every country of the globe. Nor is it 
confined to one geological period. In England the rich lodes 
or veins of Derbyshire, Yorkshire, Cumberland, Westmoreland, 
and Durham, exist in the mountain limestone of the Carboni- 
ferous age ; the lead " Killas *' of Devon and Cornwall, in the 
Devonian ; while the clayslates and gritstones of the Silurian 
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formation, mainly claim the deposits oE the Welsh lead-bear- 
iug counties. To this epoch also, belong the lodes or veins 
of the Lead Hills and Waiilockhead in Scotland, and Laxey, 
Isle of Man. At Glenmalnre and Luganure in Co. Wicklow, 
and Newtownards, Co. Down, Ireland, galena is chiefly mined 
from the granite rocks. The German deposits ot galena in 
Silesia, Hanover, Westphalia, and the Khineland districts, and 
also those in the Hartz mountains, are obtained from the 
Devonian strata. The Triassie, the Granite, and the Silurian 
ages, claim the Spanish galena deposits, as they exist in the 
southern provinces of the Peniusida. In the United States 
the extensive lead regions bordering the Mississippi, belong to 
the Silurian formation ; and many of the Australian silver-lead 
lodes, ate located in beds of fine-grained sandstones, shales. 



Gerusiie or Carbonate of Lead. — Cerusite is a natural 
derivative of galena, produced by decomposition and oxida- 
tion, and in a pure state has a composition of— - 

83-514 



Oside of lead 
Carlionic no id 



16-486 
100-000 



When pure, the ore e.-^ists in tJie form of colourless and trans- 
parent crystals. Generally, however, it occurs in fibrous, 
compact, and earthy maBsea of a white or greyish coloiir, and 
found mixed with galena in beds of mountain limestone. 
Sometimes it exists, contaminated with native copper salts, 
■which give a blue tinge to - the ore. The crystalline form 
belongs to the rhombic system. Cerusite has a hardness 
varying from 'A to 3-5, and an adamantine, inclining to 
vitreous, lustre. The specific gravity is l5-4ti. When treated 
with nitric acid it dissolves with considerable effervescence, 
liberating carbonic acid gas and forming a soluble nitrate of 
lead. On eliarcoal, before the blowpipe, it is qiuckly reduced 
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to the metallic state. Although the most abundant of the 
oxy-compounds of lead, but little is used for smelting pur- 
poses in this country, owing to its scarcity. In the Ehine- 
land districts of Aix-la-Chapelle and Cologne, and at Salander 
in Spain, considerable quantities are mined and smelted for 
the metal. 

Anghsite or Sulphate of Lead, — This ore is an oxidised 
galena. In external characteristics it is similar to cerusite. 
When pure it has a composition of — ■ 

Oxide of lead 73*59 

Sulphuric anhydride (SO3) . . : . 26*41 



100-00 



The crystals of anglesite have a rectangular octahedron 
form, with a hardness of 3 and a specific gravity of 6 '2 5. 
With hydrochloric or nitric acid, no action takes place, and, 
on the addition of sulphuretted hydrogen, sulphide of lead is 
but slowly formed. Anglesite is found in the upper portion 
of many galena veins in Devon and Cornwall, in England ; 
Lead Hills and Wanlockhead, in Scotland ; Co. Wicklow, 
Ireland ; and in America, France, and Germany. It is 
smelted along with galena ores. ■ 

Mimetesite or Arsenate of Lead, — The ore is rarely found 
pure. It is chiefly associated with phosphate and chloride 
of lead, and has a colour varying from brown to red. At 
times chromate of lead forms one of its constituents, giving 
an orange-yellow tinge to the mineral. 

The following analysis represents its composition : — 

Arsenate of lead . . . .86*16 

Phosphate of lead . . . 6*45 

Chloride of lead . . . . . 7*39 



100*00 
Mimetesite has a hardness of 3*5 and a specific gravity 
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ranging frcim 5"17 to ^■49, and, when found iu the crystalline 
state, the crystals take the form of a prism with six faces. 
On charcoal, before the blowpipe, it is easily reduced to 
metallic lead, with evolution nf arsenical vapours. The 
mineral is generally found near the outcrop of galena veins 
iu Coruwttll, Devon, and Cumberland, in Saxony and in 
France. 

Deposiiion q/ Lead Ore in Veins. — Notwithstanding the 
great strides geology has made within the last fifty years, 
it cauuot be urged that this advancement has brought 
withiu the range of practical solution, our knowledge of the 
laws regulating the deposition of mineral matter iu veins. 
That knowledge still remains purely speculative, and, in a 
sense, we are as much in the dark, as was Agrieola, iu ages 
past. By all writers, the phenomena of the formation of 
metallic veins liave been ascribed either to the agency of fire 
or of water. 

The Plutonic school, consisting of Stahl, Playfair, Huttou, 
and others, considered all veins to have been formed by sub- 
termneuu heat, while rrofessor Cotta, another disciple of the 
same school, assumes that " the metals originated in the 
depths of the earth, and that, under the influence of heat, 
tliey have been sublimeil, to be deposited in the coliler cracks 
near the surface." 

Dr. Huttou, iu his work on the Theory of the Earth, 
forcibly lutvumites the I'lutonic theory. He says : " look into 
Uie sources of onv minoiiil treasures. Ask the miner from 
whence has t^ome the mebil iu his veins. Kot above, nor 
froin the slrnttt which tho vein tniverses: these do not con- 
Uiiu one atom of the niinornls now considered. There is but 
MOO phioo fivni wlieucB tlioae minerals may have come— this 
is the Uiwels of the eivrUt, ihc jilace of powov and expansion ; 
the itlace from whence has procoedetl that intense heat by 
which loosu uialerittls have l^eeu cousolidatwl into rocks, as 
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i well as that enormous force by which the regular strata have 

1 been broken up and displaced." 

. Directly opposed to this, is the theory advocated by many 
modern writers on the subject, that mineral deposits in veins 
were formed solely by the agency of water, the water being 
supposed by some authorities to be of an atmospheric, and 
by others, of an oceanic character. 

Wallace, in supporting the view that the water employed 
is atmospheric, and not oceanic, assumes that the original 
rocks contained mineral matter, and that the fissures or cracks 
were brought about by the upheaval of the earth's crust. 
The atmospheric water charged with oxygen and carbonic 
acid, on falling, penetrated the rocks, dissolving out the 
mineral constituents, and thence, after saturation, flowing 
into the crevices and depositing the mineral matter held in 
solution. 

The balance of opinion seems to run more in favour of a 
hydrous than a Plutonic solution of the intricate problem; 
and further, that the former, agency derived its existence 
from oceanic ciuTents, as advocated by Werner, and not 
from an atmospheric source, as suggested by Wallace. This 
view is supported by the investigations of Moore, who dis- 
covered in eight samples of Allenhead galena ore, distinct 
signs of a fossiliferous existence. In the Weardale district 
also, the ore was found to be fossiliferous. This fossilised 
existence of what was once life that thronged the sea in the 
prehistoric ages, fully supports the theory of the marine 
origin of lead deposits. 



CHAPTER II. 

Geoghapiiical Distribution of the Lead Industry. 

In nearly every country lead-amelting ia caiTied on as a 
more or less important industry, owing to the universal 
deposits of galena and other lead ores. From the consular 
reports furniehed to our own Government and that of the 
United States (the author is indehted to these sources for 
the matter contained in the following pages) it is noticed 
that the world's production of lead ore was in 1899, 775,000 
tons, being an increase during the last decade of 235,000 
tons. Of this grand aggregate, Spain contributed 308,660 
tons, and this yield was increased to 350,000 tons for 
1900. The Peninsula may he considered as the leading 
producer, and it owes this advantage to an abundance of 
mineral wealth, with low cost of labour and transport. The 
ore mined is, in part, argeutiferous and non-argentiferous, 
the proiwrtiona for 1899 being 184,900 tons and 123,754 
tons respectively. The mines of Jaen contributed the whole 
of the latter, and, of Iho furmcr, the iivovince of Murcia yielded 
133,582 tons. 

The lead-mining districts are in Jaen, Almeria, Coi-dova, 
Oviedo, Muroia, Badajoz, Ciudad Real, and Tari-agoua. The 
quality of tho ore vmies, some rich silver -galena lodes run- 
ning to ^S0 per cent, lend, with 200 to 300 oz. of silver 
per ton. The low-grade ores of Caberzo-liejado, are found 
mixud witli pyrites, blende, quarts, and slate, and are des^- 
niited aw niaulol or voin itw» ; they average 50 to 55 per cent 
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lead. By far the largest proportion of ore raised is smelted 
in the country, and exported in the form of " pig " or sheet 
lead, the yield of the metal for 1899 being 162,613 tons, 
and valued at £2,469,000. The ore exported for that year 
was 9798 tons, and this quantity had decreased to 4632 
tons for 1900, thus showing that the Spaniards are realising 
the immense importance of smelting their mineral wealth, 
instead of exporting it in the raw state. 

The metallurgical operations are carried on in the Tuyere 
or Piltz furnaces, the fuel used being coke, the galena ores 
being previously calcined in a reverberatory furnace. The 
average percentage of metal got by smelting is 94 per cent. ; 
a loss of 5 per cent, through volatilisation and 1 per cent, 
left in the slags makes a total of 6 per cent, of unrecovered 
lead. 

Receiving the largest proportion of her material (" pig " 
lead) from Spain, this country is unable to compete in Spanish 
markets, and this fact was so apparent a few years ago to one 
of the leading lead manufacturers that they erected works for 
the production of sheets, tubes, and shot, near their mines at 
Linares ; and, instead of sending their " pig " lead to England, 
as formerly, for treatment, they now export it in its manu- 
factured state not only to England, but also to France and other 
countries. 

United States, — As a lead-producing country, the United 
States ranks next to Spain. In 1899 the ore mined was 
220,000 tons, and this yield had risen in 1900 to 233,000 
tons, being an increase of 13,000 tons. The great silver-lead 
deposits in the valleys of the Mississippi and Missouri, and in 
Montana and Colorado, are being rapidly opened out, and as 
more outlets are found for the metal, accompanied with 
more remunerative prices, the time will not be far distant 
when the Republic will control the lead markets of the 
world. 
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<}eriminy. — The yield of lead ore in 1899 was 129,200 
tons, iind, in 1000, 145,000 tons, Iteing an increase of 10,000 
toiiH. The fleposita — mainly galena — are widely distributed, 
being mined in Silesia, Hanover, Westphalia, Ilesse-NasBau, 
and the Ehineland districts of Coblentz, Cologne, Aix-la- 
Chapelle, and Dusseldorf. The ores vary considerably, rang- 
ing from 20 to 80 per cent. lead. The low-grade ores, which 
fnriii the Imlk of the deposits, are brought, for smelting 
imrjjoseB, to a percentage of 50 to 55 by a dressing and 
washing process. 

The mines at Letmake, near Barmen, are worked com- 
parativoly near the surface, having a depth only from 130 
to 1 SO feet. The ore is raised like coal, and the average per- 
wuitaga after washing is 40. 

Near UiiHseldovf, in the Rliine valley, the mines of 
Solbeek and l.intorf reach a depth of 900 feet, and the 
ftvorago, iTi the witshed ore, is 50 per cent. lead. On smelt- 
ing those iireti, 90 to 92 per cent, of the metal is obtained, 
there iM^ing a loss of 8 to 10 ^ler cent, through volatilisation 
and in the sli^. 

Ai-oUTid Kriinkfort-on -the- Main, some of the mines are 
niirriod to a depth of 1500 feet, the ore raised being of 
low-griitie qHnlity, yielding, after washing, 45 per cent, of 
ItMtd. 

Ill Ihi^ KiirtK niomiUuns, embracing the duchy of Bruns- 
wiok mid the jiiMviiiw o( Hanover, the lead industry is a 
vrry iniiMnUmt one, anddattw fixim the Middle Ages, The 
d«>(n<«l Hhitft ia thi' Sauiaou ^25(iO fe*t), yielding silver-lead, 
tiiH-. mid i"i>in>i'r inn's. The silver averages ■! per cent,, and 
till* yi<iM of Uxid by Buit>ltinj>. is 94 i>er cent By a 
tt\«v'li»«ii^l priH-twit, (lie nuc i>n>s an; separated and sold; 
vrlivit, ho\v»>wr. umall piv»iHirtii>iis an* f^uly present, the ores 
*ro Urtt <«» tl\»»h'<l, h»t smi'luxi dirtict. The general method 
vX U!«Mlilt)t t'lio \HY« IH tir«( 1(1 mlptne, vltich partly eliminates 
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the sulphur, and then reduce by smelting in the blast 
furnace. 

Germany imports a considerable quantity of " pig " lead 
from Spain, and exports a good tonnage of manufactured 
products — sheets, pipes, and shot, litharge, white and red 
leads. 

Austro-Hungary, — Lead ores are obtained in the provinces 
of Bohemia, Moravia, Silesia, Styria, Carinthia, Tyrol, Carniola, 
and Galicia. In all cases, the ores are extracted through 
shafts, the deepest being at Pribram, in Bohemia (1150 feet). 
Austro-Hungary mines large quantities, but the quality is 
poor, being mixed with earthy and silicious matter, and the 
ores require dressing and Washing before undergoing smelt- 
ing. The greater portion raised is smelted and desilverized 
within the country, and for this purpose the Government 
carry on extensive smelting works at Pribram. The other 
provinces also smelt, but the works are of less dimensions ; 
those at Littai, in the province of Carniola, employ thirty-five 
men and smelt about 3500 tons of prepared ore each year. 
After preparatory treatment, the ores have an average of 
60 per cent, lead and *! per cent, of silver. The processes 
employed for obtaining the metal consist first in roasting 
the ore in a reverberatory furnace, which partly converts the 
sulphide into sulphate of lead, and then smelting in a blast 
furnace with wood, charcoal, brown coal, and coke. The 
blast furnace is chiefly used for treating rich argentiferous 
ores. On a charge of 10 tons, the fuel employed amounts to 
7 tons brown coal, 2f tons coke, 354 cubic feet of charcoal, 
and 11 J cubic feet of wood. 

Austro-Hungary sells its surplus ores, and is also a buyer 
of " pig " lead, which is used in conjunction with its own pro- 
duction, for conversion into pipes, sheets, plates, litharge, 
sugar of lead, and white and red leads. 

France, — The lead districts of France lie in the middle. 
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the north, and tbe west, and tlie production is about 22,000 
tons annually. In the mines neat rontigihaud, the ores 
raised are of poor quality, but, by subsequent dressing and 
washing, they are brought up to 44 to 45 per cent, lead. 
The yield of silver is, however, considerable, averaging nearly 
;i lb. per ton of ore. The Pontigibaud mines yield about 
600 lb, silver per month. 

In tbe soiith, lead and zinc ores are mined at 
Bormettes, the galena being of low grade and requiring 
treatment to bring it up to a smelting strength. Around 
Limoges, a low-gi'ade galena is also raised, and, after 
washing, is smelted in a reverberatory furnace to extract 
the metal. The working los.s is low, being only 3 to 4 
per cent. 

France is unable to supply ber own requirements, con- 
sequently she imports large quantities of " pig " lead, and 
also sheets, pipes, aud shot. 

Gi-eat Britain and Irtlund.- — The lead-mining industry in 
the British Islands cannot be considered as a progressive one. 
This state arises from tbe decreased output, consequent on 
the exhaustion of some of the mines and the unprofitable 
I'esults in working othera, in face of the large imports of 
the foi-eigu metal. In 1861, 12 counties in England, 9 in 
Wales. C in Scotland, and 5 in Ireland, were profitably 
engaged lu raising lead ore. At tbe close of 1898 the 
English and Welsh returos embraced only Derbyshire, 
Klintahins and tlio Isle of Man, while tbe mines o£ 
Scotland and Irwliuid wore entirely closed. There is hope 
that with the advent tif more reinmierative prices, many 
of the mines in Durham. Northumberland, Westmore- 
laiid, and York, nud in tlw Welsh counties of Cardigan, 
llonblgli, and Oarnatvon. vfill again have a share of 
pnaii'iity. 

From lh.> roinuU under Uu' Mclallifcnnis Mines Regula- 
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tion Acts, the quantities of ore raised, with the smelting 
returns, are given as follows : — 

ORE RAISED IN TONS. 





1861. 


1^89. 


1898. 


1899. 


England and Wales 
Scotland 
Ireland . 


• • • 

75,000 

• • • 


44,402 

4,063 

218 


32,985 
Mines closed. 


41,500 
Mines closed. 

>> >> 



YIELDS OF SILVER AND LEAD. 





1861. 


1889. 


1898. 


1899. 


England and Wales 


Oz. 

• • • 


Tons. 

• • • 


Oz. 
280,374 


Tons. 
32,281 


Oz. 

211,403 


Tons. 
25,728 


Oz. 
260,000 


Tons. 
32,370 


Scotland 


473,538 


58,500 


24,493 


3,163 


None 


• • • 


None 


a • • 


Ireland . 


• • • 


• • • 


832 


160 


None 


• • • 


None 


• • • 



As mentioned, lead-mining is presently confined to the 
counties of Derby, Flint, and the Isle of Man. Devon 
and Cornwall formerly raised a large proportion of the 
country's output of ore ; consequent, however, on a number of 
the mines becoming exhausted, and, in others, the lodes or 
veins running below the water level, causing frequent inroads 
of water to the workings, and which necessitated their aban- 
donment, the industry has fallen into decay. In 1861 the 
two counties were working fifty-five mines; at the present 
time not a ton of ore is raised. 

In Montgomery, Carnarvon, Denbigh, and other lead- 
bearing Welsh counties, the lodes have only been worked 
down to certain depths, owing to their being " cut " by non- 
bearing measures, 220 to 230 yards below the surface, 
rendering further mining operations unprofitable. 
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Thti North Hiding of Yorkshire, Cumberland, Durham, 
Northumberland, and Westmorelaiid, contain rich galena 
deposits, and, although the mines are closed, many are in a 
position to reopen when civcumetauceB are more favourable, 
for their working. 

In Derbyshire, some 400 mines are presently engaged 
in raising the ore from the mountain limestone formation; 
the bulk of the workings are, however, small, the yearly out- 
put of each mine being a few tons only. 

The extensive lodes of the Laxey and Foxdale mines, in 
the Isle of Man, have long been known. The former is 
carried to a depth of 1740 feet, and has reaped a rich hai'vest 
of wealth for many years, and the latter has returned to its 
owners a profit of nearly two millions sterling. The ore 
deposits are mainly galena, containing 40 to 78 per cent, 
lead, and the low-grade ores are concentrated, before smelt- 
ing, by dreasing and washing. The metallurgical operations 
are carried on in the reverberatory or Flintshire furnace 
solely, or, as in Cumberland, Durham, and Northumberland, 
by a preliminary roasting in the reverberatory, and then by 
reduction in low square blast furnaces of the Scottish hearth 
type, the loss by both processes averaging 6 per cent. lead. 

Scottish lead-mining may be considered as non-existent. 
Formerly, tlie counties of Ayr, Argyle, Kirkcudbright, 
Lumirk, and Dumfries produced a varying quantity of 
ore, but for many years the mines have been abandoned. 
Leadhills, in Lanarkshire, was the principal seat of the 
industry, the mines and works being carried on by the 
Hopetomi family or tlioir lessees. The workmen employed 
were divided into four classes — miners, labourers, washers, 
and smulturs, Iho first boing engird exclusively in getting the 
oro, or in forunng the necesniry shafts ami adits. In the 
latter cKse they wore jmid according to the number of 
fathoms uul; in the former, hv the number of tons smelted 
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lead realised from the ore ; the rate of payment also varied 
according to the nature of the rock and the richness of the 
vein. The miners descended, not by ladders, as in some 
shafts, but were let down and pulled up by a rope attached 
to a windlass, worked by their comrades. In descending, the 
miner first made a loop on the end of the rope, and the right 
leg thrust through, the rope being grasped between the left 
arm and side, leaving free the hand to hold the candle in- 
serted in a ball of clay, while the right hand was used to 
prevent him from coming into contact with the rocky sides 
of the shaft. 

Deeper and consequently more expensive workings, the 
want of machinery for raising the water, which could no 
longer be carried off by the usual channels employed, along 
with the low price of lead, made their abandonment necessary. 
During the decade 1881-1890 the whole of the produce 
of the Leadhill mines has been derived from the portions of 
ore contained in the " rubbish " of the old workings, which 
was thrown aside as unworthy of attention during more 
prosperous times, with the occasional addition of small knots 
of ore, limited in their extent, which had been accidentally 
missed. 

The Irish lead mines have been closed for many years. 
In 1861 the industry was of some importance, mines being 
worked in five counties. At the close of 1878 two mines 
only were in working — one at Newtownards in County Down, 
and the other at Luganure, County Wicklow. In that year 
the value of the products of these mines was £14,090, and 
in 1883 only £3397 was realised, and this amount was 
further reduced, during 1885, to £790. In 1886 only the 
Luganure mine was raising ore, the value of the silver and 
lead being £1928, and three years later (1889) the value of 
the silverized lead had increased but slightly. Since that 
period the mine has been closed. The ore is an argentiferous 
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galena containing 35 to 75 per cent. lead, and, before smelt- 
ing in the reverberatory furnace, the low - grade class is 
brought to a strength of 60 per cent, by dressing and 
washing. 

Lead-mining iu Ireland is not profitable ; the foot and 
hanging walla which enclose the lead veins are of granite, and 
their removal adds greatly to the coat of running the mine. 
Then, again, the deposits are very " bunchy," and the inter- 
vening ore is so very lean that its reduction is not possible 
at a profit. 

Me:dco. — This country possesses extensive deposits of 
argentiferous galena and eei'uaite. Tliey are found at Lomo- 
de-Toro, State of Hildalgo, and also in the State of Coahuila, 
at a depth of .300 to 400 feet. The smelting of the dressed 
ores is done in water-jacket furnaces of 20 to 30 tons 
capacity, and the ciiarge is mixed with coke, lime, iron oxide, 
and silica to effect the reduction, the proportions varying to 
meet the requu'ements of the ore. The raw ores contain 
from 20 to 60 per cent, lentl, and the smelting yields 85 to 
92 per cent. The aiyentiferoua "pig" lead produced, is 
mainly exported to the United States for further treatment. 

Turkey. — The Empire raises but a small quantity of galena, 
and that principally by the Asia Minor Mining Company, at 
Lidjessy, near Sivas. The mining is carried on by day-levels 
driven into the hills. The ore obtained is of poor quality (9 
to 12 per cent, lead), which after dressing is exported. 

Aitsiralia — New South Wales.— B.ieh silver-lead deposits 
are found at the Broken Hill mines in this colony, the 
average percentage of lead in the silver ores being 55. Up 
to the end of 1880 the total net value of silver, ailver-lead 
and ore produced, realised £27,882,997, and the output 
value for 1899 was £2,070,657, the larger portion being 
won from the Broken Hill mines. This amount would have 
been considerably iuereased, but that the transfer of the 
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smelting operations in that year, from Broken Hill to Port 
Pirie, South Australia, of necessity limited their output. 

Queensland. — The silver-galena ores of Queensland are 
found at a depth of about 300 feet, and average, when un- 
treated, 20 per cent. lead. After dressing, they are smelted 
in the water-jacket furnace, and the yield is 88 percent, of the 
lead in the dressed ore, the loss being due to volatilisation 
and imrecovered metal in the slags. As in New South Wales, 
the value of the ore depends entirely on the silver contents. 

South America — ArgentiTie. — In the interior of the 
country, since the days of the Spanish conquerors, there have 
been spasmodic efforts to develop the mining, but with little 
or no return. The search, however, was made for gold and 
silver, and little attention was paid to the extensive lead ore 
deposits which are now known to exist. 

Canada, in the Kootenay district of British Columbia, 
and Greece, in the mining centre of Laurion in the province 
of Attica, are making rapid strides in developing their 
mineral resources, and in the future will take an important 
part in the world's production of lead. 



CHAPTER III. 

Chemical and riivsicAi, Properties of Lead. 

The metal haa a bluish-grey colour, is fusible at 330° C. 
(626" F.), and haa a specific gravity of 11-358. English 
commercial lead is nearly pure ; the small proportion of 
impurities present consist mainly of antimony, zinc, and iron. 
The following represents the composition of some brands of 
English maniifjieture : — 
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The impurities in lead affect the physical and chemical 
properties of the metal in proportion to the amount present. 
They give to the metal that peculiar property termed " hard- 
neas," whicli i-enders it unsuitable for many uses in the arts. 
The luitlleiibility and ductility are i-educed, and when in the 
form of sheet lead for use iu the lining ot vessels, vitriol , 
chambers, etc., they lower the resistance of the sheet to acid 
vapours, the surface becoming corroded. 

The " hardness " of lead is removed and a " soft " metal 
produced, by the process of calcination, the impurities being 
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practically removed by conversion into oxides, which form a 
scum on the surface of the molten lead. 

Strong acids act very differently on lead. Nitric acid 
dissolves it, even in the cold, forming nitrate of lead, while 
hydrochloric acid has practically no action ; the two mixed 
together, as aqua-regia, converts the metal into chloride. 
Sulphuric acid, when boiling only, feebly attacks lead with 
the formation of sulphate. Arsenic or arsenious acid unites 
with the metal, yielding arsenite or arsenide of lead. 

Lead, unlike many other metals, is not sonorous when 
struck, and is a poor conductor of heat and electricity. 
When it is cut or scraped, a bright lustrous surface is seen, 
which rapidly becomes dim through the formation of a thin 
film of oxide of lead. In a perfectly dry and pure atmo- 
sphere, Miller states that it undergoes no change, but when 
exposed to the joint action of pure air and pure water, i.e. 
water boiled free of its carbonic acid and oxygen, mechanically 
held, the surface of the metal becomes oxidised to oxide of 
lead, which ultimately becomes transformed into a film of 
hydrated carbonate of lead, by the absorption of the carbonic 
acid gas from the air. This salt is only soluble to the extent 
of inrth of a grain per gallon. When, however, the water 
retains its carbonic acid, the film is dissolved and fresh 
surfaces of the metal are exposed, to undergo, first, the 
formation of oxide, and then the hydrated carbonate. The 
latter can only be formed after the oxidation of the lead. 
These facts bring into view the great danger, from a sanitary 
standpoint, of the use of lead in domestic utensils, storage 
cisterns, etc. 

The water supply of our towns is charged with wholesome 
oxygen and carbonic acid, which in continual contact with 
the metallic surface forms, and then dissolves, a poisonous 
white lead, producing in course of time all the painful 
symptoms of lead colic. 
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The distenia of all houses used for water storage should 
never be lined with sheet lead, but with elate, and all leaden 
pipes coated internally with tin, to i-eaist the action of air 
and water. In the vessels used in the preparatiou of 
beverages, the same danger exists, if they have an internal 
liuing of lead. 

Lead has considerable power of affinity or attraction, but 
some of its compounds can be dissociated by the chemical 
force of a stronger raetal. lliis can be illustrated by means 
of a salt of lead and metallic zinc. If 28'4 grms. (1 oz.) of 
acetate of lead are dissolved in a litre of water, and a piece 
of zinc suspended in it, the metal will shortly be covered 
with a grey coating, from which brilliant metallic spangles 
will shoot forth, somewhat in the shape of a tree. These 
are pure lead, and the phenomenon is known as the " lead 
tree." 

The effect thus produced is due to the superior affinity 
of the zinc for the acetic acid combined with the lead, which 
causes the two metals to interchange places. 

Uses of Lead. — Owing to its softness, plasticity, and low 
fusibility, the uses of lead may be said to be multifarioua. 
For TOofing purposes and the lining of cisterns and chambers 
for manufacturing work, large quantities are consumed. In 
the making of piping, white lead, and the various compounds 
of lead, such as the nitrate and acetate, for the dyeing and 
printing industries, also in pottery and glass work, lead in 
the metallic state, or oxidised as litharge, is extensively used. 
The various commercial alloys include a large proportion of 
the metal, and it is also used in the manufacture of buUets 
and small shot, where great nuunentum confined to a small 
compass is requii'ed. Further, the properties of lead make 
it valuable in other branches of work, and its manufacture 
may be truly said to " minister directly to the necessities and 
lii.vuvies of Imuian existence." 
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Welding of Lead, — Lead joints are generally made by 
soldering or burning with the oxyhydrogen flame. In 1896 
Blondel brought out an ingenious method, by which the 
joints may be welded instead of soldered or burnt. For this 
purpose, the surfaces to be joined, are carefully cleaned, and 
between them is placed a thin layer of lead amalgam. On 
passing an ordinary soldering iron along the line of junction, 
the mercury of the amalgam is vapourised, and the lead set 
free in an exceedingly finely divided state, fuses, and then 
unites the two surfaces together. The joint is said to be 
more durable than when made in the usual way. 

Alloys of Lead, 

Lead mechanically unites in varying proportions by 
simple fusion with tin, antimony, arsenic, bismuth, copper, 
zinc, phosphorus, and other elements, forming a series of 
mixtures, termed alloys. Many of these alloys are very 
important, and are largely used in the arts. 

The following table by Stillman, represents the percentage 
composition of the leading alloys used for bearings and other 
engineering purposes : — 



1 






• 

>> 

c 




■ 

u 




• 

5 


• 

E 


AUoy. 


c 
2 


■ 

a 


o 

s 


0) 


1 


o 

a 


s 

a 


1 




NH 


c 

< 


y^ 


o 


N 




fi 


Babbitt metal 


• • • 


45-5 


13-00 


40-00 


1 -50 


• • • 




• • • 


Anti-friction metal . 


• ■ • 


40-00 


5-00 


55-00 


• • • 


• • • 




• • • 


Tobin bronze . 
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Phosphor bronze 
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Magnolia metal 
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Camelia metal 
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]jeaA alloyed with antimony and tin forms stereotype and 
type nietale — 





L™.. i ..,i,„on.. 


■Rn. 


Stereotypo metftt , 

Type metal 


84-25 
70 


13-SO 
25 


2 26 

5 



The antimony is added to harden the alloy, while the tin 
gives it the necessary coherence. When melted with tin 
iilone, and in certain proportions, lead forma pewter and 
Holder. 

The former, in 100 pivrts, is composed of — ■ 



Tin . 
Lead 



20 



'i'liis proportion yields an alloy of great tenacity and of a 
lower melting-point than that of the metals individually, 
in addition to its non-litibility to corrosion when used for 
drinking purposes. An increase in the amount of lead, 
however, renders the alloy liable to be attacked by even 
weak organic acids, and its use then becomes dangerous. 

The latter is made in three forms — common, coarse, and 
fine solder. The following are the proportions used : — 
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Similar to pewter, the melting-pointe of these alloys are 
lower than either of their composing mebil?. 

The alloy of lead and arsenic is ns«l in the manofactiirB 
»f rille atui shell tnillets and small shot. 
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The former also contains a small proportion of antimony 
to increase the penetrative power. 

In the manufacture of small shot, the arsenic used 
amounts to about 40 lb. to every ton of the metal, and has 
the physical effect of securing to the molten lead a spherical 
form, when dropped into water from a perforated vessel. 
The manufacture is carried on in high buildings, termed shot 
towers, the arsenical lead being allowed to fall from perforated 
wrought-iron dishes, placed at the top of the building, into a 
layer of water at the bottom; the fall (100 to 150 feet, 
according to the size of shot prepared) is required to enable 
the particles to become chilled and assume the spherical 
shape before entering the water. On complete cooling, the 
shot are dried, sifted into different sizes, and then polished 
with plumbago in a revolving cylinder. 

Compounds of Lead, 

I 

Oxides, — Lead combines with oxygen, forming five oxides, 
namely — 



Suboxide of lead 
Protoxide 
Red oxide 
Sesquioxide ,, 
Peroxide 



»> 



>j 



99 



PbgO. 
PbO. 

PbgO,. 
PbgOg. 

PbOg. 



The protoxide also unites with water, forming the 
hydrate or hydroxide of lead, PbO . HgO or PbH202. 

Suboxide of Lead, — The suboxide is prepared by care- 
fully heating oxalate of lead in a closed vessel, the following 
reaction taking place : — 

2PbC204 = PbgO + CO + SCOg. 
The resulting black powder is rapidly converted into 
hydrate on exposure to air. Dilute acids convert it into 
protoxide, which combines with the acid used and finely 
divided metallic lead. 
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Frotoxide of laatl. — This oxide can be obtained pux-e by 
igniting — not to fusion — basic nitrate, carbonate or oxalate 
of lead, in a platinum crucible. The following is the equa- 
tion when the carbonate ia used : — 

PbCOs = PbO-fCO;. 

The oxide has a dull lustre, and a colour varying from 
sulphur to orpiment yellow. The specific gravity in 9'36 at 
4° (Joulo and Playfair), and it is reduced to the metallic 
state by carbonic oxide (00) at 100°, and by hydrogen at 
310° (Boscoo and Schorlemmer). According to Watts, the 
protoxide is both dimorphous and amorphous, and crystal- 
lizes in pale yellow rhombic octahedrons and cubes and 
regular dodecahedrons, It also occurs as a red amorphous 
I>owder, The crystalline fovra can be obtained by (1) the 
slow cooling of the protoxide after fusion, (2) by fusion with 
hydrate of potassium, and (/i) by ti-eating with potash or 
soda ley. If the ley is brought to the boil at a strength of 
ftlioiit 40° B., and then moderately saturated with the pro- 
toxide, the liquor on cooling deposits red scales or crystals 
soluble in acetic acid, fully showing that the protoxide imder 
certain conditions may partake of a red eoloiu' without any 
admixture of the higiier oxide (minium). Watte states that 
theao red crystals are also produceil when the protoxide is 
moistened with water lo fonn the hydi-ate of lead, then dis- 
eolvotl U\ Kktunition in a boiling soda ley of 40—41 B., and 
ftfterwuils cooltMi. 

T\w pmtoxide has a great affinity for acids, forming well- 
known ueutn\l atid soluble salts, tlie most imjxirtant being 
tlie nitntte imd tl»> acplattv It is rapidly reduced to the 
UiPtallic stato at a ilull red heat, by carbon, hydrc^en, and 
parlxmii' oxide, as s«>n in the following equations :- — ■ 

2l'bO + s-ii'U + av 

I'hO + W- rb + (.\V 
VbO + H, = l-b + lLa 



CHEMICAL AND PHYSICAL PROPERTIES OF LEAD 29 

On heating with copper, zinc, or iron in a finely divided 
state, it acts as an oxidising agent, converting these metals into 
oxides, and becoming reduced to metallic lead : for example — 

2Fe + 3PbO = Fefi^ + 3Pb. 

The protoxide when heated to redness loses its yellow 
colour, and assumes a reddish-purple tint ; the original shade 
is, however, restored, on cooling the heated mass. 

On boiling it with milk of lime and settling, a liquor is 
yielded which has found a use in hair-dyeing, etc. Hair-dyes 
containing lead in any form should be avoided. 

In commerce the protoxide is technically known as litharge 
and massicot. The two products have exactly the same com- 
position, but differ as regards their colour and physical pro- 
perties. Their manufacture is described under the heading 
of Litharge. 

Bed Oxide, — This oxide occurs native to a limited extent 
in various lead-mining districts. It was known and described 
in the early ages by Pliny, Dioscorides, and others. It is 
prepared on the small scale by heating protoxide of lead 
with 1 part potassium chlorate and 8 parts of potassium 
nitrate (saltpetre) in a platinum crucible. At the tempera- 
ture of dull redness the minium begins to form at the edge 
of the crucible, and, on cooling, the crucible and its contents 
are boiled in a weak potash liquor, to dissolve out any pro- 
toxide left. On settling and running off the supernatant 
liquor, the minium appears as a bright red powdery sub- 
stance. Watts produces a minium by boiling the peroxide 
of lead with aqueous plumbate of potassium, or 1 part of 
the peroxide with 5 parts of nitrate of lead dissolved in 
water, and then sufficient quantity of weak potash or soda 
added, to redissolve the hydrate of lead first precipitated, and 
until a brown-red mixture of minium and peroxide is pro- 
duced. This is digested with oxalic acid, which decomposes 
the peroxide without acting on the minium. 
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111 lh(! cold, the sliadti in briyiib red, but, on heating, it 

duuiges t" a deep violet tint. Mioiiim has a composi- 
tioii of^ — 



Lead , 
Oxygen 



and tt 8])ecific gravity of 8'G2 (Karaten). Many oxidisable 
bodies convert it into protoxide of lead. With hydrogen 
also, it yields protoxide and water, as seen from the following 
oqmition : — 

l'b30, + Hj=3PbO + HjO. 
With hydrochloric acid, minium is converted into chloride 
and peroxide of lead and water, thus — 

rbgO, + 4HC1 = 2rbcia + PbOj + 2H2O. 

IE the proportion of acid ia iucreaaed, the whole of the 
lead IB converted into cldoride, thus — 

PbsO. + 8HC1 = Si'bClj + CI2 + 4Hi,0. 
The action of chlorine water also yields chloride and per- 
oxide of load, BciHirvling to the equation — 

rbjO, + Ci. = I'bCl, + 21'bOj. 

Minium is aoluhle in phosphoric and arsenic acide, form- 
ing salts uf the peroxide. Watts states that it dissolves in 
nitric, dilute Bulplmric, and likewise by weaker acida, being 
ixisolvod into protoxide and |ieroxide of lead, the former 
yielding an onlinary lead salt, while the ktter remains uu- 
diaaolvud. 

Tim ntuuufaotnro is described under the heading of 
Minium, or KotI IaW, 

t^Huxeidt i</ Lead. — This oxide may be considered as a 
voiubiuHtiuii of u\iinoxtdie and dioxide, as it is resolved by 
lU^da into tJii>80 two oxides. It is prepiued (1) when a 
aoluUuii «f siKliuiu hyiwcldorit*! is carafully addei] to a caustic 
potash solution of load osidv (^Wiuketblech), or (2) when a 
sululiun (if uiiuiuu) in acvHit acid is prwcipitated by a very 



CHEMICAL AND PHYSICAL PROPERTIES OF LEAD 31 

dilute solution of aminonia (Eoscoe). It is a reddish-yellow 
powder, with a composition of — 

Lead .89*66 

Oxygen 10-34 

The sesquioxide is rapidly reduced to the protoxide by 
the action of oxalic and formic acids, and is also soluble in 
dilute nitric and acetic acids, forming soluble salts of lead, 
along with peroxide. 

Peroxide of Lead. — This oxide, sometimes termed brown 
or puce lead, is found native as plattnerite, in the form of 
black-coloured, six-sided prisms. Bottger prepares it by 
acting on protoxide of lead with sodium hypochlorite, thus — 

PbO + 2NaOCl = PbOg -I- 2NaCl. 
It is also a result of the action of dilute nitric acid on 
minium, according to the following equation : — 

PbgO^ + 4HNO3 = PbOg + 2Pb(N03)2 + 2H2O. 

Ozone, acting on the protoxide of lead, also yields the 
peroxide, by absorption of oxygen. 

The peroxide has a strong oxidising action, and, according 
to Vanquelin, when ground with one-sixth of its weight of 
sulphur, it takes fire, burning with a brilliant flame, forming 
in the first instance sulphide of lead, and then the sulphate. 
Some organic acids — gallic acid, for example — also ignite in 
contact with it. 

Peroxide of lead has a great affinity for the alkaline 
bases, acting the part of a weak acid towards them, hence 
the term " plumbic acid " by which it is sometimes known. 
These compounds are of definite composition, the potash salt 
having the formula of KgO . PbOg . 3H2O, and is prepared by 
fusing the peroxide with excess of potash, dissolving the 
fused mass in water, filtering, and then evaporating in vacuo. 
Fremy says the crystals so produced, have a rhombohedral 
form. 
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Peroxide of lead, prepared by any of the above methods, J 
baa a brown colour, and is quickly decomposed by beat, which ] 
liberates part of its oxygen, converting it into ininium or J 
protoxide, The composition is — 

Oxygei: .... 



13-33 

100-00 

A niLxtnre of peroxide and nitrate of lead is employed in 
the manufacture of lucifer matches. 

Hydrate or Hifdroxide of Lead. — The hydrate is a combi- 
nation of tile protoxide with water — 

PbO + H,0 = PbH202. 
It ia prepared on the small scale by adding an excess of 
ammonia to a saturated solution of acetate of lead, the 
hydrate being precipitated as a white crystalline powder, 
the crystals, as seen under the microscope, having an octa- 
hedric form. 

The hydi'ate ia to some extent an imatable body, for at 
130° it loses a portion, and at 145° the whole of its water, 
being reconverted to the protoxide of lead^ — 
PbH,0, = PbO+H20. 

Salts of Lead — Acetate of Lead. — This salt is familiarly 
known as sugar of lead, from its sweetish taste and close 
resemblance to sugar. In the early ages, Qeber was con- 
versant with it, and gave a description of its preparation and 
properties. The acetate is placed on the market as a white 
or brown product, the difl'erence in the two quahties being 
due to the .quality of acid used in their manufacture. The 
white acetate has a value of £24, 10s., and the brown £19 
per ton. 

The white acetate ia prepared from litharge and good 
quality acetic acid, the proportions used being 1 ton litharge 
to 23 cwt. of acid (45 per cent, strength). The manufacture 
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is carried on in large wooden vats, lead-lined, termed the dis- 
solving vats, and at the bottom of each is placed a steam coil 
for boiling purposes. They are arranged on a platform, so that 
the treated liquors can be run direct into a series of evaporating 
vats, lead-lined, and fixed below the level of the platform. 

The proportion of acid is first run into each of the dis- 
solving vats, and then the required amount of litharge slowly- 
added, with constant stirring. When solution has taken place, 
the liquors are brought to the boil, which brings to the surface 
any impurities as a scum, which is skimmed off. They now 
flow through shallow filters to the evaporating vats below, and 
are concentrated by the aid of steam coils to a density of 1*5, 
and from thence pumped to the " crystallizers," which are 
shallow lead-lined vessels, each 4 feet long, 2 J feet broad, and 
8 inches deep. On slow cooling, the acetate crystallizes out, 
and the crystals are removed to wooden racks, to drain from 
any mother liquor, and afterwards" broken up for the market. 
In the manufacture of the brown acetate, pyroligneous 
acid is used in place of the pure acetic acid. After dis- 
solving in the vats, the resulting liquors are very muddy, 
and consequently require to settle. On clearing, they are 
run to a large lead-lined pan, and heated to boiling by a 
coil. A further settling is then allowed, and the clear but 
dark-coloured liquors thence flow to the evaporating pans, 
and are concentrated till crystallization commences. A pro- 
portion of water is now added, causing the impurities to rise 
to the surface. The liquors are skimmed, and again evapor- 
ated to the crystallizing point. This is repeated, if the 
liquors remain muddy after concentration. The crystalliza- 
tion and drainage of the formed crystals are conducted in the 
same manner as in the white acetate. The yield of brown 
acetate is about 1 ton for every 13^ cwt. litharge used. 

Acetate of lead crystallizes with 3 molecules of water, 
having the formula Pb2(C2H302)3H20. It is soluble in 
3 
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alcohol, and also in its own weight of cold water. On ex- 
posure to a dry atmosphere, the salt Ioecb its water of crystel- 
lizatiou, and thence ahsorbing carbonic acid ie converted into 
carbonate of lead. In a state of fusion, it decomposes with 
the formation of acetone, and leaving a residuiil mass of 
finely divided metallic lead and carbon. 

Acetate of lead is used in medicine under the name of 
Goulard extract or lead vinegar, the preparation being formed 
by digesting litharge in a warm solution of lead acetate. For 
technical purposes, large quantities of sugar of lead are used 
in calico printing, and in the preparation of the acetates of 
iron and alumina, for use in dyeing. 

Sulphate of Lead.- — When a soluble lead salt is treated 
with sulphuric acid, a white precipitate is formed, which on 
washing and drying has the formula rbS04. 

Sulphate of lead is also found native as angleaite, and 
in combination with other salts as linarite, caledonite, and 
leadhUlite. On the large scale, it is prepared by volatilising 
sulphide of lead (galena) on a coke bottom, and then oxidifling 
to sulphate with a blast of aii-, the reaction being — 

l'bS + 0, = PbS04. 
It is a white crystalline powder, practically insoluble in water, 
but freely soluble in acetate of ammonium. Hydrochloric 
acid slowly converts it into chloride of lead, the hot solution, 
on cooling, depositing needle-shaped crystiils of the chloride 

Sulphate of lead is volatile without decomposition at a 
red heat; when mixed with powdered charcoal and heated 
to dull redness, it ia resolved into sulphide, oxide, op 
metallic lead, according to the proportion of carbon present 
Sulphate of lead, unlike the basic carbonate, does not 
saponify with linseed oil, the combination being a mechanical 
and not a chemical one. 

The raanufactiire is described under the heading of 
Suljihate of T^ad. 
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Carbonate of Lead, — This compound exists naturally, as 
the crystalline cerusite, the mineral being a neutral anhydrous 
carbonate. Carbonate of lead forms both a neutral and a 
basic salt. The former is valueless as a pigment ; the latter 
is the basis, par excellence^ of a paint requiring whiteness, 
permanence, and covering power. The basic carbonate, in 
form but not in composition, has been known for over 2000 
years. Theophrastus, about 300 B,c., describes the prepara- 
tion of a white body from vinegar and lead, and Pliny also, 
in the first century, refers to a similar product. It was 
introduced by the Dutch or Flemish people 300 years ago 
from Italy, where it had been employed many centuries 
before. As in the modern methods of manufacture, the 
production of a white pigment in the early ages depended on 
the action of vinegar on lead. The primary essentials of the 
art of making have never changed during the many centuries' 
knowledge of its value, and to-day vinegar and lead yield the 
most durable, permanent, and economical of white pigments, as 
in the dim ages of the alchemists. As before mentioned, the 
native carbonate is a neutral anhydrous body with the formula 
PbCOg ; on the other hand, the basic salt requires preparation, 
and may be produced on a small scale by treating a soluble 
lead salt with a solution of sodium carbonate. The white pre- 
cipitate, on washing and drying, has the composition of either 
of the following formulae, according to the temperature and 
concentration under which it is produced (Payen) : — 







Parts per 100. 




Protoxide of Lead. 
86-38 


Carbonic Acid, 
11-31 


Water. 


2PbC03.PbH202 = 


2-31 


SPbCOg . PbHA = 


85-66 


12-62 


1*72 


' 5PbC08.3PbH202= 


86*73 


10-65 


2-62 
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The qualities of commercial white lead, madu by the 
" Dutch " process, and approximatiug most nearly to the 
formula 21'bC0a . rbH^Oj, may be considered as standing the 
highest for durability and covering power. 

Basic carbonate of lead is totally insoluble in pure water. 
It is soluble, however, in water impregnated with carbonic 
acid, and also in solutioua of potash or soda. Sulphides of 
the alkalies aud sulphuretted hydrogen, convert it into a 
black sulphide of lead. Sulphuric, hydrochloric, and acetic 
acids, dissolve it with effervescence, forming the sulphate, 
chloride, and acetate of the base respectively. At r> 
temperature of dull redness, the basic ca,rbonate first loses its 
water of combination, then the carbonic acid, being ultimately 
converted into protoxide of lead, which, if the temjjerature is 
continued, absorbs oxygen, forming red lead — 

SPbCOg . PbH^Oj = 3PbO + 2C0g + HaO 
3PbO + = rbjOj (red lead). 

According to the method of preparation, the basic 
carbonate of lead exists as a spongy transparent globula* 
powder, or ia crystalline, and' on this difference in tha 
physical form depends its value as a pigment. 

A crystalline basis carbonate, when ground with linseetS 
or other oil, practically absorbs but- little of the oil, and the 
resulting white paint lacks both covering power and per- 
manence. On the other hand, the globular form, when &y 
treated, takes up the oil, somewhat as a sponge absorbs 
water; and to this action, which is a chemical one, is attri- 
buted its greater body and durabihty. To this variety 
belongs the Dutch corroded lead of commerce. Only thia 
form of tlie basic carbonate unites with the fatty acids of 
certain oils, yielding true lead soaps. With a crystallinei 
basic carbonate, or any other white pigment of lead, this 
chemical action does not take place, the combination witli 
the oil being ouly a mechanical one. 
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The manufacture is described under the heading of 
Dutch White Lead. 

Nitrate of Lead, — The neutral salt is prepared by dissolving 
litharge in dilute nitric acid at a boiling heat, and then 
evaporating the solution to the crystallizing point, the nitrate 
of lead separating out in large octahedrons, sometimes 
transparent, although generally white and opaque. The 
crystals are anhydrous, soluble in eight times their weight 
of cold water, and also are dissolved by saturated solutions 
of saltpetre and nitrate of barium. 

At a red heat, nitrate of lead is broken up, yielding oxygen 
and nitric peroxide, and leaving the yellow protoxide of lead. 

Diplumbic nitrate, 2PbO . N2O5, is a basic nitrate of lead 
produced by boiling the neutral salt with white lead and 
water. The crystals have a sweet astringent taste. 

Triplumbic nitrate, 3PbO . N2O5, prepared by precipitating 
the normal salt with excess of ammonia, exists in needle- 
shaped crystals, but sparingly soluble in boiling water. 

The basic salts find no use in the arts, and are of interest 
only to the chemist. 

Chloride of Lead. — This compound is found native as 
cotunnite, in the form of trimetric crystals, the mineral 
having a white colour and a specific gravity of 5*23. The 
composition is — 

Lead 74*552 

Chlorine 25*448 



100*000 



It is prepared on the small scale by adding hydrochloric acid 
^^ a soluble lead salt, or by boiling the protoxide of lead 
^th water, in which hydrochloric acid is dropped, so long as 
^he resulting chloride of lead continues to dissolve (Watts). 
In hot water, chloride of lead is completely soluble ; on cooling, 
however, it separates out in needle-shaped crystals. It is 
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moderately Boluble in weak, and practically insoluble in 
strong, alcohol. When heated to redness in contact with air, 
chloriile of lead absorbs oxygen and forms the series of 
Dompounda termed oxychlorides. It may be sublimed by 
heating out of contact with air, the fused mass on aolidifying 
forming the product termed horn-lead. According to Gobel, 
when heated in a stream of carbonic oxide, phosgene gas 
(CoCla) is produced with a separation of metallic lead. 
Chloride ot lead is not used in the arts. 

Phosphate of Lead. — Phosphate of lead mixed with 
chloride is found at Leadhills in Scotland, and in Derbyshire, 
Cornwall, Yorkshire, and other places, as a yellowish-green 
mineral, with the formula 3(PA ■ 3PbO) + PbCln- It is 
known to mineralogists as pyromorphite, and contains-^ 



Chlorine 
Lead 

riiosplioric acid 
Oxide of l»jad . 
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-Chloride of lead. 
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On the small scale, it is prepared by adding a solution of 
sodium phosphate to a soluble lead salt, the precipitate of 
phosphate of lead separating out as a white crystalline 
powder. The phosphates of lead constitute a series of 
compounds, known as (1) orthophosphates, (2) metaphos- 
phates ; they are, however, not used in the arts. 

Oxf/ckloridi's qf Lead. — The following combinations of pro- 
toxide of lead with chloride ot lead are known : — 

(1) PbgClsO =PbCI».PbO. 

(2) Ph,ClA = l'bCl,.2PbO. 

(3) l'b4ClaO, = PbCI, . 3PbO. 

(4) Pb.CUO =3rbCl,.PbO. 

(5) PbaCJ»Os = rbCl,,5PbO. 

^ti) rb,cijO, = Pbci,.7Pbo. 
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(1) PbgClgO. — This oxychloride is found native as mat- 
lockite. It is prepared on the small scale by igniting the 
chloride of lead in contact with air (Watts) — 

2PbCl2 + = PbgClgO + 2C1, 
or by fusing the chloride and carbonate of lead together, 
carbonic acid gas being evolved (Dobereiner) — 

PbClg + PbCOg = PbgClgO + CO2. 
Pattison prepared this compound, as a pigment, on a manu- 
facturing scale by heating finely divided galena with hydro- 
chloric acid, in a large vat provided with a hood for carrying 
off the deleterious gases, the reaction being the formation of 
chloride of lead with evolution of sulphuretted hydrogen — 

PbS + 2HC1 = PbCIg + HgS ; 
any silver, copper, or iron at the same time being converted 
into chlorides. On cooling, the chloride of lead was deposited 
in crystals, along with the chloride of silver, and from this 
residue any soluble chlorides^ of iron and copper were easily 
washed by cold water. The residue was now transferred to 
a large vat of boiling water, which dissolved the chloride of 
lead, and leaving a small residue of chloride of silver and 
any silicious matter ; and from this, the silver was separated 
by drying and then melting the residue with lime. The 
hot solution containing the chloride of lead was then treated 
with thin hydrate of lime, in quantity sufficient only to 
neutralise half of the hydrochloric acid present, the precipitate 
of oxychloride of lead formed, being dried and ground in oil, 
as a substitute for white lead. 

(2) PbgClgOg. — Interesting only as a mineral. It occurs 
native as mendipite. 

(3) Pb^ClgOg. — This compound is prepared by fusing 
chloride and protoxide of lead — 

3PbO + PbCl2 = Pb4Cl203> 
and also as a hydrate Pb^ClgOg . HgO, by precipitating basic 

acetate of lead with common salt, or by decomposing a 
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solutiun of common salt with protoxide of load (Watts). 
This oKychloride in the anhydrous state forme a yellow 
powder, which baa been used to some extent as a pigment. 
The hydrate also has been prepared on the large scale, by 
I'attison, for use as a substitute for wliite lead. 

(4) l'b4(..'laU. — This o.xycbloride has no eomnierciul im- 
portance ; it is prepared on the small scale by fusing together 
a mixture of 4 parts cliloride with 1 part protoxide of lead. 

(5) PbflCljOj. — On fusing 5 parts of protoxide with 1 
part chloride of lead, it is produced as a deep yellow powder. 

(6) PbgCIjO,. — -This oxyebloride is formed by fusing 10 
parts protoxide of lead with 1 part sal-ammoniac It formerly 
had a commercial value, and was known as caasel yellow. 

Snlphules of Lead. — Lead unites with sulphur, forming 
three compounds, namely, the subsulphide, tetrasulphide, and 
the protoaulphide of lead. While little is known of the 
constitution and properties of the two former, the latter is of 
especial importance, as the basis of galena ore. On a small 
scale, it is formed by treating a soluble lead salt with sul- 
phuretted hydrogen, or by heating to dull redness lead filings 
and sulphur. Protosulphide of lead is acted upon by strong 
acids, hydrochloric acid converting it into chloride of Irad 
with hberation of sulphuretted hydrogen, and fuming nitric 
acid oxidises it to sulphate of lead. 
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CHAPTER IV. 

Dressing of Lead Ores. 

Galena when mined is generally found mixed in more or 
less proportions with pyrites (iron and copper sulphides), 
blende (zinc sulphide), calamine (zinc carbonate), light spar 
(carbonate of lime), heavy spar (sulphate of barium), sand- 
stone, quartz, and other silicious matters, according to the 
strata in which the ore is found ; and to remove these 
ingredients, and thus concentrate the ore and render it fit 
for smelting, the operation of "dressing" is carried out. 
This method of treatment consists of a washing of the 
crushed ore, the particles thereafter arranging themselves 
according to their specific gravities. If a mixture of a 
pure galena and quartz crushed to a similar state of division, 
were equally washed through a sieve into a receptacle 
beneath, it would be found that the bottom layer would 
. contain the galena, and the surface layer the lighter quartz. 
Or, if a mixture of the two were deposited at the head of 
an inclined plane and washed with water, the stream would 
^i^ry the quartz farther than the galena and thus allow the 
two bodies to deposit themselves, the heavier mineral nearest 
tlie end of the plane, whilst the lighter quartz would be 
carried farther on. This difference in deposition is solely 
^ie to the variation in the specific gravities of galena and 
9^rtz, the former being 7*5 and the latter only 2*6. In 
the first example, the velocity of fall after a lapse of one 
second, according to P. von Eittinger, would be 16*309 
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inches for the heavy galena aud only S'OSl inches for the 
lighter quartz, consequently the lead would be first de- 
posited; in the second, the heavy specific gravity of the 
galena would offer a greater resistance to the flow of 
water than the lighter quartz, and thus be carried a lesser 
distance. 

On the large scale, the ore first undergoes a crushing 
process, being resolved into fine particles for the better 
separation of extraneous matter in washing. In the olden 
days of lead-mining, this was done by means of a " bucker " 
and " drag," — the first being a kind oE hammer with a long 
shaft or handle, called the " brashing bucker " ; and the 
other, a strong toothed iron rake, to drag off or separate 
the leas from the more crushed parts, after the " brashing 
bucker " had been used. This laborious method gave way to 
a form of the modem stamping mill, consisting of three 
strong wooden posts, perpendicularly placed, and working in 
guides attached to the framework of the mill. The posts 
were actuated by three cams fixed to the horizontal shaft- 
ing, and at their lower ends were affixed shoes or stampers 
of cast-iron, which worked in iron mortars resting on blocks. 
At the back of each mortar were placed a series of holee 
for the crushed ore to pass through by the aid of a current 
of water. The number of drops made by each post were 
l!0 to 30 per minute. 

In the modern mill as many as 100 head of stamps 
are used in a battery, and some are driven by compressed 
air, or steam in the form of a steam hammer, the number 
of drops each minute ranging from SO to 90, and cnishing 
100 to i;iO tons of rock ore in twenty-four hours. 

The crushed ore is washed through a screen placed in the 
lower half of each mortar, and forms a pulpy mass for further 
treatment. When the ore is mLxed with lai^e pieces of rock 
or mineral, it undei'goes a preliminary breaking, before enter- 



^ d 



DRESSING OF LEAD ORES 43 

ing the mill, by passing through a " stone-breaker " to reduce 
the lumps to a size convenient for stamping. 

Washing the Crushed Ore, — The washing of the ore, to 
efifect a separation of extraneous matter, is of vital import- 
ance to the smelter, for on its cleanliness depends the success- 
ful working of his furnace and the quality of lead yielded. 
The presence of any appreciable quantity of stone or quartz 
prevents vitrefaction, the hearth becoming choked, and the 
produce greatly wasted ; on the other hand, light spar is the 
most harmless ingredient that can be left in the ore, for, at 
a moderate smelting heat, it digests into a very light and 
distinguishable slag. With heavy spar, which is a close, 
opaque, and extremely refractory substance, the opposite 
takes place, heavy spar being infusible even at a high 
temperature. Copper and iron pyrites and all antimonial 
ores, when present, are very pernicious, the latter rendering 
the lead hard — a property which makes it unfit for many 
uses in the arts ; whilst the smallest amount of copper 
renders the " pig " lead produced quite useless for the 
manufacture of white lead. A careful washing, then, is a 
necessity, and, as before mentioned, the art depends entirely 
on the diflferences in specific gravity of the ingredients of the 
crushed ore. 

Various mechanical contrivances are used for the purpose, 
amongst which may be mentioned : The huddle, the syphon 
separator, the jiggers, the shaking table or frame, and the 
magnetic separator. 

The huddle has long been employed for washing lead ores, 
and several forms of it are in use : for instance, the trunk 
huddle, which consists of a flat chest or trunk, 9 feet long, 
3 feet broad, and 10 inches deep, supported on wooden 
stays, and having an outlet 8 inches in width at one 
end for the water; to this or lower end, is connected a 
passage to a wooden box 18 inches in length and 14 inches 
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i]j width und depth. The trunk and paseage ate fixed at an 
ioclinatiou to the box. 

The crushed ore is shovelled into the trunk at the head, 
and subjected to a current of water, which carries the 
lighter matter over to the box, leaving tlie heavier or 
richer portion at the end of the trunk, which ia dug out 
in sections, dried, and made ready for smelting. 

The round buddle ia either made concave or convex ; 
in the former, the dip being to the centre, the crushed ore 
is fed round the circumference, and washed with a stream 
of water, which carries the lighter matter to the middle of 
the washer, where it falls through an opening. With the 
convex form, the working conditions are reveraed, the feed 
being in the centre, and the circumference receiving all the 
tailings, of little or no value to the smelter. 

The circular buddle, devised by Herr Hundt, and de- 
scribed in the Mining and Smelting Magaziiw (1862), is a 
very effective form of the concave washer. 

In Fig. 1, A represents the end of section of the slime or 
pulp trommel, over the outside of which the latmder B dis- 
charges clean water for the washing. C ia the inflow for 
the slimes, delivering them to the central trough D, which 
ia fitted concentric with and is supported by the vertical, 
axis E. This also carries the four arms F F F F, which are 
connected to and revolve with the central trough. The wooden 
bars G G are connected with the four arms by vertical sliding 
braces H H H H, which can be raised or lowered by regulat- 
ing screws. Attached to each of these wooden bars is a piece 
of canvas I, to give the slimes an even surface when the 
arms are rotating. The floor of the buddle is at K, and has 
a fall, varying with the nature of the work, from the circum- 
ference to within a certain distance of the central opening, 
where it becomes horizontal ; L is the central annular 
opening for the escape of the " tailings," which pass away 
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by the launder M. N is the shaft, which, moved by any 
coDvenient power, gives motion to the washer — to the anns 
F F, and also the diagonal distributing launders 0. 
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These launders are in communication with the central 
trough D, from which, in their revolution, they carry the 



46 



LEAB AND ITS COMPOUNDS 



alimes to and distribute them at the outer edge of the 
buddle. The speed at which the arms and distributiBg ; 
laimdei's revolve vary with the nature of the Blimea, from 
8 to 16 revolutiona per minute. 

The syphon separator is anotlier form of washing machine, 
and depends tor its action ou the upward flow of a carrent 
of water. According to Neve Foster, this machine is used 
largely at Mettemich for the treatment of the Boft, lead- 
bearing eandstones, and is capable of working up 270 to 
300 cubic feet of crushed sandstone per hour. For a full 
description of the separator the reader is referred to that 
author's work on Ore and Stow Mining. 

The jigging machine, or jigger as it is familiarly known, 
is largely used for washing lead ores ; the simplest form, 
consisting solely of a sieve, containing the crushed ore 
which is moved rapidly up and down in a tub of water, 
the particles arranging themselves according to their density, 
the heaviest and richest portion being at the bottom. 

An improvement on this simple form is seen in the jigger 
having the sieve stationary, the water being forced upwards 
through the crushed ore by the action of a piston working 
in a compartment below the sieve. The most efficient form 
of this washer is known as the " Hartz Continuous Jigging 
Machine," and described by the Mining and Smelting Magazine 
(1864). Fig. 2 represents a section of the jigger. 

The work to be treated is shovelled into the inclined 
feeding hopper A in front of the machine, from whence it 
is gradually carried by the force of the stream of water 
from the launder P into the perforated trommel B. This 
trommel retains any obstructive matter, after which the 
pulp arrives at tlie jigging sieve (J. In the bottom of this, 
a layer of coarse galena is placed from Jth to ^th of an 
inch in sixe, which acts to a certain extent as a filter, and, 
by checking the How of ihe ahme, enriches the ore (jefore 
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the galena passes through the sieve. The fine rich ore, on 




leaving the sieve, falls into the conical hutch E, made of 
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zinc plates, and from thence iotiJ the bin E', when it is 
ri:'iiijy for the smelting house, making a prothice containing 
7I1 to 80 pel' cent, of lead if rich ores have been treated, 
or ready to be waslied again on the buddle if very poor 
ores have been uaed. The larger grains of the ore that 
cannot pass through the sieve accumulate round the pipe 
F, which can be arranged to any required level, and ia 
surrounded by a protecting cylinder G, to prevent the 
mixing o( the grains. When these grains accumulate to the 
level of the pipe, they pass through it, hy the zinc pipe H, 
into the bin I, placed beneath, and are then ready for 
enielting, Tlie sieve has a slight inclination towards the 
cylinder G. 

The apparatus is set in motion hy the piston K con- 
nected with the rod L, and the number of strokes per 
minute is 140. In front of the apparatus is the launder 
M, furnished with ledges 2 feet long and 4 inches hi 
into which the lighter waste is carried by the stream of 
water forced up by the piston, through the openings plaeecl 
on the top side of the hutch, from whence they pass to a. 
Hat buddle for further washing. By this machine, about 
120 to loO cubic feet of crushed ore can be dressed in a 
working shift of twelve hours by two workmen. 

The shaking table or frame is another form of dressing 
machine used chietly in the lead-mining districts of France, 
Belgium, and Germany, and is called in the two former 
oountries "Table ii Secousses," and in the latter "Stossheerde." 
Iq principle, it differs merely from the ordinary buddle in 
being subjucl to a shaking or ]iercussion motion, which 
largely aids ihf separating process. For this purpose the 
frame is sus[iended by tour chains, two at each end, those 
in front lieins attached to a fuller, so as to allow the 
«lt«r«Uou of Uie inoliuation of the frame as required. The 
trhtiltf is supixtrlwl by n framework o( timber, and the 



CHAPTER V. 

Smelting of Lead Ores. 

In the metallurgical processes for the extraction of lead 
from the dressed ores, the form of furnace depends on the 
nature, of the ore treated : for instance, the smelting of 
galena is confined entirely to the reverberatory type of 
furnace ; on the other hand, the native carbonate and sulphate 
of lead, or a mixed sulphide ore, is better suited for and is 
smelted in the shaft or blast furnace. 

The systems in use may be classified as follows : — 

1. Keverberatory furnace. 

2. Open hearth. 

3. Blast or shaft furnace. 

In the first, the process is mainly an air-reduction one, 
by double decomposition; in the second, a deoxidisation by 
carbonaceous matter; and in the third, a deoxidisation and 
reduction by the aid of carbonaceous matter and iron oxide. 

1. Smelting in the Reverberatory Furnace, 

This type of furnace is well known in England as the 
Flintshire; it consists of two parts — one for the burning 
of the fuel, called the grate, and the other, the hearth or 
bed, on which the operation of smelting takes place, the 
separation being effected by a low ridge of brickwork termed 
the bridge, the whole being covered by a roof, having a 
declivity to one end of the furnace. The flame and pro- 
ducts of combustion from the grate pass over the bridge, and, 
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(continues the author), these conditions are not brought into 
effect in the majority of electro-magnetic separators. Very- 
narrow fields are awkward for sejiaration, and, ou the 
other hand, crushing the ore to uniform grains is not easily 
accomplished. 

Theoretically, the diameter of the grain need not exceed 
the width of the field, hut in practice twice the distance 
is required. Direct contact of the particles of ore with 
-the bare poles is hardly feasible, owing to the manner in 
which the ore has to be conveyed ; as the material is 
attracted with variable intensity by the two poles, actual 
experiments must decide the exact distance at which it 
must be passed. 

The magnetic separators, of which various forms are 
in use, are worked with endless canvas bands, with rolls, 
or by deflection "with fixed magnets. The Conkling machine 
is a good representative of the endless belt system of working. 
It consists {English Mining Journal, vol. liii., 1892) of two 
iron rollers, round which travel, at a certain inclination, 
a canvas band, 3 feet broad. Between the upper and 
lower layers of canvas is fixed a series of electro-magnets. 
The feed is from a hopper placed directly over the lower 
roller, and as the crushed ore falls on the band it is 
carried over the magnetic field, receiving, during the passage, 
a washing from a current of water. The magnetic particles 
adhering to the band are carried over the higher roller, 
while the non-magnetic portion of the ore is washed away 
at the lower. 

In the roller system of separators {Eiiglvth Mining 
Journal, 1883) the crushed ore is allowed to drop between 
revolving rollers, supported on, or containing within, electro- 
magnets. The non-magnetic particles fall through imaffected 
by the magnets, while the magnetic portion is attracted by 
and adheres to the rollers, falling off at a point in their 
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internal lining of good refractory material to resist the dis- 
solving action of the lead, the structure being well tied together 
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Fig. 4.— Plan. 

with tie-rods. The dimensions vary in different works : the 
following, however, is a general internal measurement — 

Feet. Inches. 
Length of fire-place . 
Width „ 

Length of hearth 
Width „ (middle) 

„ „ (flue end) 

Top of bridge to roof 
Height of doors 
Width 

The hearth of the furnace is formed by the slag taken 
from a previous smelting, which is softened to a pasty mass 
and then rabbled evenly over the surface ; this is repeated 
until a depth of 7 to 8 inches is obtained. The decline of 
the hearth is to the working side, and forms a well 1 6 inches 
below the middle door, and into this cavity runs the metal pro- 
duced during the operations in the furnace. In the section and 
plan, the different parts of the furnace are marked as follows : — 

A. Fire-grate. B. Fire-bridge. 

C. Hearth. D. Flue. 

E. Tap-hole. F. Lead-pot. 

G G G. Doors, labourers* side. H H H. Doors, working side. 

I. Hopper. J. Charging door for fuel. 

K. Well. 
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After running off the metal and slag from the previous 
smeltin',', the furnace ia partially cooled by opening the doors 
and lowering the dampers, the hearth meanwhile being evenly 
, and made ready for the next charge. This cooling 
down to a very dull red heat is neceesary, otherwise the 
charge of galena would melt, and roasting would become 
impossible. 

The weight of the charge varies in different localities ; 
in some it is only 12 to 14 cwt., while others rise 20 to 25 
cwt.; generally, however, a charge of 20 cwt. is used. 

The furnace being ready, the charge of ore is dropped 
through the hopper I, and then spread evenly ou the upper 
parts of the hearth C, care being taken to keep the lower 
part, or the well, K, clear. With the closing of the doors, 
and the checking of the draught, by suitably lowering the 
dampers, commences the first stage of the operation, techni- 
cally known as the first fire, and resulting in the partial 
oxidation of the sulphide to oxide and sulphate of lead with 
evolution of sulphurous acid gas. During this stage, little or 
no fresh fuel is used, the low fire in the grate, along with 
the heat retained by the furnace from the working of tlie 
previous charge, being sufficient to effect the necessary 
cliemical changes. From time to time, the ore is turned 
over from the labourers' side of the furnace with a rabble, 
to expose fresh portions to the unconsumed oxygen which 
passes over the hearth. At the end of an hour and a 
half, the white fumes, given off copiously during the opera- 
tion, are seen to diminish considerably in quantity, and 
the furnace doors are opened for a short time to furnish 
additional oxygen to complete the proportions of oxide and 
sulphate necessary to react on the unaltered sulphide in the 
next stage. In two hours from the start, the first roasting 
has been carried far enough. 

Fresh fuel is now added to the fire, the furnace doors are 
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closed, accompanied with a raising of the dampers, the heat 

being increased to bright redness, and the second stage is 

entered on. During this stage a large reduction to the 

metal is effected, the lead running down the slope of the 

hearth to the well K. After an hour's exposure to this 

temperature, the doors on the working side are opened, to 

cool the furnace a little, a result which materially aids the 

reduction and separation of the metal. Meanwhile the slags, 

which have become pasty and with a tendency to run, are 

stiffened with a little quicklime thrown over them, which, 

after mixing, are thrust back with the rabble on to the 

Mgher parts of the hearth. The quicklime acts both 

mechanically and chemically. The mechanical part, in 

addition to rendering the slags more workable, and thus 

effecting a better separation of the lead, also assists the action 

between the oxide and sulphide, by lowering the fusibility of 

the mass; while, chemically, any silicate of lead formed 

during the operation, is broken up by its use, liberating the 

oxide of lead, so that it may react on any unchanged sulphide 

present. 

The doors are now shut, and the third stage commenced 
by throwing on the grate more fuel to bring the heat to 
bright redness. This is continued for an hour, and the work- 
ing doors again thrown open, and the pasty slags, stiffened by 
the addition of more quicklime, are thrust back from the 
lower parts of the hearth, which now contain a large pro- 
portion of metallic lead. 

In the fourth and last stage of the smelting, the doors 
are closed, and the heat again raised to bright redness for an 
hour. The tap-hole is now pierced, and the molten lead 
allowed to flow into the lead-pot F, placed adjacent to the 
middle door. The slags are again stiffened with a little 
quicklime, and raked out through the doors on the labourers' 
side of the furnace, to be afterwards smelted, for the lead 
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they contain, in the slag-hearth. The time occupied in 
working a charge of 20 cwt. of ore is about five hours, and i 
the coal consumed averages 1 3 cwt. 

The surface nf the molten metal iu the pot rapidly oxidises, 
forming a rich dross, which is skimmed off and returned to the 
furnace. Meanwhile, preparations are made to run the contents 
into moulds to form what is technically known as " pig lead." 
In this state the metal is " li.ird," and quite unsuitable for 
industrial purposes, containing, as it does, such impurities 
as iron, zinc, antimony, and also the whole of the silver 
originally existing in the ore, as sulphide. The silver, a 
very important item to the smelter, is removed by either the 
Pattison or Parkes desilverization method, and the lead is 
" softened " ; that is, the impurities are removed by oxidation 
in the calcining furnace, to be described hereafter. The 
slag produced amounts to 20 to 25 per cent, of the weight 
of ore treated, and contains a high percentage of lead as 
oxide and sulphate. The following analyses represent the 
composition of slag, from the Plintshire reverberate ry 
furnace : — 





(1) 


(2) 


Silica 


20-95 


17-47 


Fluoride of <;alcium 






Sulphate of barium 


2-48 




Protoxide of iron 


3-59 


2-42 


Oxide of zinc 


1216 


18-17 


Lime 


21-37 


28-04 


Sulphide of lead 


6-U 


1-25 


Sulphate of lead 


2005 


26-88 


Oxide of lead 


12-13 


5-77 


MetaUic lead 


1-05 




Carbon 


Trace 





French Process of Reverberatory Smelting. — The reactions, 
which rest the working of the reverberatory furnace in 
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France, differ somewhat from those of the English, the main 
object of the roasting being to form a large proportion of 
sulphate of lead along with a small portion only of protoxide 
of lead, the former ultimately acting on the unaltered 
sulphide, at a higher temperature, forming protoxide of lead 
and sulphurous acid, the reduction of the protoxide to the 
metal being effected at a later -stage by carbonaceous 
matter. 

The following equations represent the reactions occurring 
during the process : — 

(1) PbS + O3 = PbO + SOg. 

(2) PbS + O4 = PbSO^. 

(3) PbS + SPbSO^ = 4PbO + 4SO2. 

(4) 4PbO + 4C = 4Pb + 4C0. 

Any unacted sulphate left in the charge is reduced by 
the carbon to sulphide, and then, by reaction with another 
portion of sulphate, forms protoxide of lead by equation 
No. 3, which is ultimately converted into metallic lead by 
equation No. 4. 

The structure of the furnace varies but little from the 
Flintshire type, the difference being that the doors (three 
in number) are placed in the front or working side of the 
furnace. 

Fig. 5 represents a section of the French reverberatory 
furnace. 

A. Fire-grate. B. Fire-bridge. 

C. Hearth. D. Flue. 

E. Tap-hole. F. Lead-pot. 

G G G. Working doors. H. Hopper. 

I. Well. J. Charging door for fuel. 

In working the furnace, the charge of 20 cwt. is run 
through the hopper on to the hearth, and evenly spread on 
its uppermost parts. The temperature is low at the com- 
mencement, but as the action proceeds it is gradually raised 
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to a point approacliing dull redness. At the end of two 
hours, a thick white unist of sulphate of lead is found to 




F]( r — Frenih l!e\ erberatoi j Fniiiiire Section 
have formed on the •'uiface of the chatge Tlie doors are 
now opened, and the mass is Mgoiouilj labbled to produce 
an intimate mixture of the whole On elo'.mg, and raising 
the temperature, the sulphate reacts on the unc hanged 
galena, and yielding, aftei two hours' exposure, a large pro- 
portion of lithai^B or yellow oxide The final stage la the 
rediictioa of this product to the metal , and for this purpose, 
the doors are again opened, and the fumaeemau throws into 
the furnace several shovelsful of small coal, intimately mixing 
it with the mass on the hearth. After clearing the well for 
the reception of the lead, the doors are closed, and a brisk 
fire is made up on the fire-grate. The lead now begins to 
trickle down the sloping hearth, and as the temperature 
increases, the greater becomes the reduction, the well being 
gradually filled with the molten metal, which is tapped oft' 
into the lead-pot. A further addition of small coal is made 
to the pasty slags, the temperature again raised, which reduces 
to the metal the remainiug portion of the protoxide, along 
with any unacted sulphate of lead. The metal is cast into 
" piga," and then desilverized and refined in a manner similar 
to the English procedure. 
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Aitstrian Process of Beverberatory Smelting. — At Eaibl and 
Bleiberg in the province of Carinthia, the ore is well adapted 
for reverberatory smelting, being mined from the beds of 
the Alpine limestone, and containing a good percentage of 
the metal. 

The process is based on chemical reactions similar to 
those taking place in the French furnace, and, in working, 
the yield, as stated by Thum, is 60 to 65 per cent, of the 
metal, the lead in the ore being 65 to 70 per cent. This 
shows a loss of 5 per cent., of which perhaps half is found in 
the residues of the furnace. They are collected, washed, and 
treated with the furnace slags. 

Figs. 6 and 7 show the elevation and plan respectively. 

In construction, two furnaces are built side by side and 




Fig. 6. — Bleiberg Furnace. Elevation. 

work into one chimney. Thum, in describing the Bleiberg 
furnace, says it is 10 ft. 4 in. long and 4 ft. 10 in. wide, 
and the fire-bridge is 4 ft. 2 in. long by 5^ in. broad, 
with a flue 9 in. wide. As will be seen from the drawings, 
the sole of the bed has an inclination of 9|° towards 
the working door G, at the narrow end of the furnace. 
The fire-door is situated at the same end of the furnace, and 
opens to the fire-place, which is constructed alongside of and 
in the direction of the length of the bed and with the same 
inclination. The opening to the flue D is just in front of 
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the working door, and communicates with tbe flue paeaing 
over the two furnaces leading ultimately to the comnum 




Fig. 7.— PUn. 

chimney. At the working door G, a east-iron plate iB 
fixed, hollowed out in the middle, which enables the lead to 
flow direct into the mould placed beneath. The furnace is 
constructed with ordinary lire-brick and slabs of bunter 
sandstone ; the latter material, although containing s con- 
siderable amount of iron, is considered sufficiently fire-proof 
for the interior parts. Only the sole of the hearth is made 
of refractory clay, which is rounded at the sides, and thus 
enables, with its inclination, the metal to fiow off from all 
aides of the working floor. In order to avoid any consider- 
able loss of lead from tbe fiesuring of the sole, it must, after 
being laid down, be perfectly air-dried, and then subjected 
to a gradually increasing temperature ; afterwards the smelt- 
ii^ of the slags forms a compact impervious glaze, which 
prevents any absorption of the lead. The sole requires to 
be renewed every four to five weeks. 

The practical working of the furnace consists of three 
stages — roasting, stirring, and pressing ; and the charge of 
ore averages 31 cwt. Before charging, the furnace is allowed 
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cool to a dull red heat, and the charge is then thrown ^^H 
ough the working door and evenly spread ou the higher ^^1 
jarts of tlie hearth. The retained heat, aBsiated by a little 
duel thrown on to the low fire in the grate, soon ignites the 
Bulphur of the ore, and the iirst or roaating stage, commences. 
IFor three hours a low red heat is kept up, and the charge is 
anoderately stirred from time to time. When the sulphurous 
:funies disappear and the lead is seen trickling down to the 
iront of the furnace, the temperature is raised conaiderahly, 
and the charge stirred every quarter of an hour, so that the 
"various portions may he brought to react on each other at 
an equally high temperature. In five to six hours, the 
" stirring " process is done, and the furnace is cooled down to 
some extent to enable the workman to gather the charge 
' into a heap ; this done, he covers it with several shovels- 
ful of burning fuel from the grate, and intimately mixes 
the vfhole together. The temperature of the furnace is 
raised as high as possible, and the third or " pressing " stage 
commences. This consists principally of working the chaise 
well up together at the highest possible temperature, at the 
same time repeating the addition of carbonaceaua matter, 
until, within about three hours, the remainder of the lead 
I rune off through the working door. The slags, rich in lead, 
are washed and re-smelted as before mentioned. 

2. Smelting in the Scotch or American Ore-Hearih. 

Smelting in the ore-hearth yields a purer lead than what 
is obtained from the reverberatory furnace. The hearth also 
costs much less for construction, and the outlay for fuel and 
labour in working is lower. 

The rudest type of the ore-hearth is the primitive form 
known as the Backwoods hearth, which consisted of a square 
chamber built in such a position as to be exposed to the 
prevailing wind. In the chamber were placed layers of 
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wchhI and turf on which the picked ore was laid. With 
kindling of the fuel and the consequent raising of the heal, 
jvirt of the ore was reduced to the metal, which ran out at 
the InUtoni, and part remained as sulphate of lead, which in 
iii^ turn was reduced to the metallic state by the action of 
tlio fuel The method was only applicable to pure ores, and 
tnvolveil eonsidenible loss bv volatilisation. 

In the district of Alston Moor, Cumberland, and in tbe 
U\iv{-miuiug centres of Scotland, smeltdng was formerly carried 
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thrown on, some lime also being added to check the fusibility 
of the Bilieatea. Reduction to the metal now commenced, 
the lead trickling down through the interstices of the fuel to 
the Iwttom of the hearth. This withdrawal of the " brouae " 
from the furnace, and the building up anew of the fire, along 
with frequent stirring of the mass to prevent vitrefaction, was 
earned out at intervals of half an hour, during a twelve 
hours' working of the furnace, and by this time a conBiderable 
portion of the lead had been reduced, and was discharged by 
1 gutter to a " sump " or outer basin, from whence it was 
east into " pig " moulds. 

The waste arising from the volatilisation of lead and its 
*0D0U5 effects on the workmen, led to the modern type of 
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the hearth furnace now used in thia country. In Fig, 9 
it ifi shown arched over the top, and connected with a flue 
A to convey the " fume " to a suitable condensing arrange- 
"lent for recovery. The sides and bottom of the hearth are 
™d with cast-iron plates, and in front is placed the sloping 
™D plate B formiog the work-atone. In the opening C 



I 



66 



LEAD ANB ITS COMPOTTNBS 



access is obtained to the tuyeres placed at the back of the 
hearth, which is charged with ore and fuel through the 
aperture I*. The lead on reduction runs from the hearth 
by a glitter E to the melting pot F, heated by a separate 
fire, and then moulded into "pigs" for further treatmenb 
The working of the " enclosed " ia similar to that of th« 
"open" hearth, already c ' 




The furnace known as the American ore-hearth is a con- 
siderable improvement over the Scotch type, inasmuch as 
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roin its construction, the air before entering as blast through 

the tuyere is heated up to 150° C, by circulating round the 

hearth, and thus effects a better reduction, in addition to 

saving fully 10 per cent, of fuel during each shift. In Fig. 

10, A represents the casing or jacket made of cast-iron and 

fixed in the upper part of the hearth B. The cold air is 

forced into the casing through the pipe C, and emerges at 

D, passing from thence in its heated state to the tuyere 

E by the pipe F. The work-stone G is also made of 

cast-iron, with a gutter for the melted lead to iBlow into 

the pot H. Practically, the working conditions are the 

same as those of the " enclosed " hearth, and the yield of 

metal averages 80 cwt. in a double shift of twenty-four 

hours. 

The successful working of the ore-hearth, necessitates a 
carefully regulated and divided blast to produce just suflScient 
heat to efifect the reduction of the ore without fusing the 
contents of the hearth into a slag. During the working, the 
Diass of " brouse " requires constant stirring, otherwise it 
Would become a vitrified body, through which the heat could 
^ot penetrate, nor could any reduced lead find a passage 
through it to the bottom of the hearth. The lime plays no 
chemical part in the reduction of the " brouse," but is only 
^dded to correct any tendency of it to become pasty, which 
^y arise from the nature of the ore, or to excessive heat of 
^he hearth. Its use should therefore be limited to this 
Mechanical action. 

The ore-hearth makes a division of the ore into lead and 
^ vitrified product known as grey-slag. Some rich slags and 
hearth-ends, containing partially reduced " brouse," are also 
produced, and are treated afresh in the ore-hearth. The 
accumulation of grey-slag, whether from the reverberatory 
01" ore-hearth furnace, is worked up in the slag-hearth 
yielding lead and black-slag. 
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The following analysiH represents the conipositio^o 
ore-henrth slag;— 

( )xiile of lend 

Sulpbate of lead 

Sulphide of lead 

Mctnllic lead 

Oxide of iroE 

Oxide of zinc . 

Fluoride of calcium 

SulpLate of barium .... 3-OiM 

Lima 18-64!) 

Alumina . 
Silica 



SwfUituj of G-rey-Slaiis. — The grey-slaga produced by 
reverberatory and ore -hearth furnaces, are treated in 
slag-liearth for recovery of the lead they contain, 
operation of smelting in this hearth, dififers from that of 
ore-hearth in this, that in the latter the ore to be oper 
ou does not undergo an entire liquefaction or fusion ol 
parts, but only a partial oue at a moderate heat, wheree 
the slag-hearth the contents suffer a total dissolutioi 
a high temperature. The slag-hearth also differs from 
other in its constructioD and in the materials of which 
formed, the sides being built of fire-brick or refractory : 
stone to resist the intense heat Figs. 1 1 and 1 2 repre 
the sectional elevAliou aud plan of a slag-hearth, 
dimensious are 26 in. in length from the back to the \ 
8to»e^ by 20 in. in width and 3;! in. in depth, ii 
measurenieut. A is the body, B the tuyere, C a ( 
iron plate forming the bottom of the furnace, G an t 
liot for receiving the sl^ aud metal from the heartl 
slag tank, and F is a lead-pot for receiving the metal : 
the outer pot 1). The irou plate C, and the outer po 
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are covered with a thick layer of coal ashes, tightly rammed 
down, which forme a filter to separate the lead frcim the sl^. 




Fig. 12.— Plan. 

I*ad is too heavy, and, when in fusion, too subtle a body, 
to float upon coal ashes ; slag, on the other hand, is too light, 
'^ at the same time too thick a substance, though in fusion, 
to sink in such ashes; consequently, when two such substances 
^ distinct (and passing through the high temperature of a 
Blag-hearth makes them so) and when they are deposited on 
the layer of ashes, the heavier lead will sink through, while 
the I^hter sl^ vrill float on the surface. This bed of coal 
aehes is also of further use in conveying from the hearth to 
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the outer pot D of the slag upon, and of the lead beneath, 
its surface. From this outer pot, the molten metal is con- 
veyed through an opening in the bottom to the lead-pot F, 
and thence cast into pig lead. The slag meanwhile float 
over the layer of ashes in the pot D, and is discharged into 
the tank E, containing water. Being porous in its nature, 
the slag still retains some minute particles of metallic lead in 
its pores, and on this account it is generally re-smelted in 
the slag-hearth after washing. The shift lasts about twelve 
hours, and the charge of reverberatory and ore-hearth slags, 
black and litharge slags, lead clay-hearths, and coal cinders, 
along with coke as a fuel, is fed into the furnace at intervals. 
The well-doing of the shift largely depends on the formation 
of a "nose" to the tuyere, which is a protuberance of 
coagulated slag gathered round the nozzle, and which, if in 
right form, enables the stream of air to be carried to the 
centre of the hearth, and so divided into channels that it 
equally spreads through the mass. 

Richardson*s Slag-Hearth. — Around Newcastle is used a 
form of slag-hearth devised by Eichardson. It is circular 
in form, with a height of 8 J ft. and 2 J ft. diameter, and 
is built of fire-bricks. The bed, consisting of tightly rammed 
clay and coke-dust, is depressed in the centre to allow the 
reduced lead to collect, and the blast is provided by three 
tuyeres. The charge enters the furnace at the top, and the 
molten lead and black-slag are discharged from the bottom 
by suitable channels. 

Spanish Slag-Hearth, — This form of furnace has been 
found very economical in working, and is much used in the 
smelting of grey-slags. In Fig. 13 a section is shown. 

It consists of an upper chamber A resting on four cast-iron 
columns, B B in section, while C is the lower part or body of 
the furnace, which can be renewed when necessary without dis- 
turbing the upper chamber The bed D is made of clay and 
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coke-dust tightly rammed in, and is saucer-shaped to allow 
the metal to collect, and which is run off at intervals into 




Fig. 13. — Spanish Slag-Hearth. Section. 

the pot E. The black-slag formed flows from an opening in 
the breast of the furnace to the tank F, containing water. 
^^ the body, three tuyeres, G G in section, are provided to 
^dinit the blast, and the charge of slag, fuel, and flux, 
generally fluor-spar, is thrown in through the door H, and 
the fumes pass off at T into condensers. 
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Chemically, the action going on in the slag-hearth is the 
formation of a black-slag by the union of the silica and 
alumina in the clay, with the lime, oxide of iron, and other 
ingredients of the grey-slags used. The coke acts as a re- 
ducing agent on the oxide of lead, yielding metallic lead of a 
very inferior quality. 

3. Smelthig in the Shafi or Blast Furnaef. 

In many localities on the Continent, and also in Aue- 
tralia and America, mixed ores are found containing galena, 
with sulphides of iron, copper, zinc, antimony, silver, eto._ 
and, from their complex nature, are found unsuitable for^ 
treatment either in the reverberatory or the ore-hearth fur- 
nace. Consequently, the shaft or blast furnace is used fom 
their reduction. The Silesian furnace is of this charaoten- 
liut the more modern types are known as the Piltz and th* 
Raschette furnaces. Among American smelters, the latte z 
finds favour, while the former Ijas a wide use in German>p 
Austria, and other countries. 

Silesian Furnace. — In Fig. 14 a section of this class c» 
furnace is seen. It is built of common red bricks A A wil"J 
an inner lining of fire-bricks B E. From the mixing floor t 
downward, the furnace is rectangular ; above the floor, it l 
cireular in form. The charging door D is on a level witi 
the mixing floor, from which the mixture of ore and flux I- 
thrown into the furnace. A little above the dished bed E- 
the blast F enters, and the slag produced during the work; 
ing is floated off at G. A channel H leading from th* 
bottom of the bed of the furnace, which previous to th* 
chaise ia plugged with clay, carries to an outside lead-pol 
the reduced metal. At the upper end of the furnace is 
placed the exit I in communication with a flue for carrying 
away the fumes. In charging, a mixture of 100 parts ore 
and 25 parts iron slag (ferrous silicate) is used, and the 
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fuel consumed (coke) constituteB an equal weight of the 
charge. 




Blast Furntice, Section. 



PUtz Furnace. — Fig. 15 is a section of this type of fur- 
"**■ It is built in two sizes — a large and a small Piltz. 
ihe former is worked with eight tuyeres, and has a charging 
■opacity of 40 tons, while the latter has only four, and is 
^mited to a 20-ton chaise. The furnace is built of fire- 
Wcks enclosed in an iron casing, and tapers from a diameter 
"' "! ft. (large Piltz) at the charging platform A, to 5 ft. 
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at the tuyere zone B, which iB encircled with a aeries of cast- 
iron chamhera, forming a jacket, through which flows a cur- 
rent of water to prevent over-heating at this, the hottest part 
of the furnace. Uuderneath ia the hearth C, some 2h ft. 
thick, and built up of layers of fire-hricks resting on an iron 
plate. On a level with the hearth are placed the four tap- 
ping-holes, equidistant from each other, and, at a point below 
the tuyeres, two openings are left for running oft' the slag. 
The ore and fuel is charged from the top D, being shot down 
through an inner tube E, 4J ft. in diameter, and the outlet 
for the products of combustion and fnine is at F, the exit 
pipe being placed above the end of the charging tube, and 
thus allows a clear passage for the gases. 

A charge of 40 tons of a mixture of medium and poor 
complex ores will yield about 63 cwt. of silver-lead, along 
with a reguluB of copper, iron, etc., weighing 15 cwt. 

Raselietle, FiirihCKc. — The Eaachette type is rectangular 
in form, and the cost of construction is less than the Piltz. 
It is built of fire-bricks, and tightly clamped with tie-rods. 
The height varies, in some districts being 20 ft., with a 
length of 8 ft. and a width of 4 ft. The lower part of 
tlie furnace is jacketed as in the Piltz, and the reduced lead 
is "syphoned off" by means of a channel connecting with the 
hearth at one end, and at the other a lead-pot placed adjacent 
to the furnace. In providing the blast, six tuyeres on each . 
side are generally used, having a pressure of 2 lb. on the 
square inch. The charge of ore and fuel varies from 20 
to 35 tons, according to the capacity of the furnace. 

Boasiiiuj. — Lead ores are generally roasted or calcined 
before smelting in the blast furnace. The calcination was 
formerly curried on in the open aii', the ore being built up 
in the form of a pyramid on a thick layer of pine wood, and 
then covered with fine roasted ore from a previous burning, 
the covering preventing any injurious action by the access of 
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an excess of air. As the combustion proceeded, it was 
supported by the sulphur of the sulphides, and the calci- 
nation of a charge of 100 tons lasted from two to Aiee 
months. 

The modem method of roasting is carried on by tte 
reverberatory furnace, and for this purpose it is bnilt some 
50 ft. long, with a hearth and fire-place 10 ft. wide. The 
ore is fed in at one end, and gradually worked np to tbe 
bridge, whence it is withdrawn in a clotted form, allowed to 
cool, and then broken up to a size suitable for smelting in && 
blast furnace. By the roasting action, a portion of the snl 
phur is eliminated as sulphurous acid gas, in addition to tbe 
formation of oxides and sulphates, while the roasted mass 
still retains 6 to 7 per cent, of sulphur, as sulphides — a 
necessary precaution for the after separation of any copper 
present. 

Chemical Changes occurring in the BUist Furnace, — ^In the 
blast furnace the reaction is mainly a reducing one, through 
the action of incandescent fuel (carbon) and carbonic oxide, 
this gas being generated in front of the tuyeres by the action 
of the blast on the carbon, the union with the oxygen supplying 
the necessary heat to melt the slag and metal. The lead chiefly 
existing as oxide on descending the furnace comes into con- 
tact with the gaseous carbonic oxide and fuel, and is quickly 
reduced to the metallic state, along with the silver contained 
in the original charge. The sulphate of lead present, becomes 
reduced to sulphide, and combines with the variable propor- 
tions of copper, zinc, iron, etc., existing in the roasted ore, 
forming the second product known as " regulus " ; while the 
silicious matters form silicates with any unreduced oxides of 
a more or less fusible nature, which runs from the furnace as 
slag. 

The accretions often found hanging to the inner lining 
of the blast furnace, and which cause much trouble in the 
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working of the furnace, ie due mainly to the accumulation nf 
partioIeB of zinc sulphide, intermixed with varying propor- 
tiona of silica, iron, manganese, lime, and copper. In deal- 
ing with this obstruction, Mr. M. W. lies {School of Mives 
QmHtrly, November 1896) advocates the disuse of scrap 
iron with ores heavily charged with zinc, since heated 
metallic iron decomposes zinc sulphide. He further recom- 
mendB taking the gases from the centre instead of from the 
back-end wall of the furnace, and suggests a more uniform 
totribution of the ore-fluxes and fuel over the entire top, 
which cause the furnace to drive faster, and thus lessen 
the tendency towards " hangings." 

Sortie recent ImpTovemenls in the Treatment of Complex Ores. 
—According to the QuccTisland Government Mining Joumal, 
Jannary 1900, a new process has been introduced with 
success for the calcination of ores containing galena. The 
fw is ndxed according to the proportion of sulphur present 
Wth from 6 to 15 per cent, of lime, heated in a reverbera- 
tfliy furnace to about 700° C. and then cooled down to 
SSO° C, with the result that from 25 to 30 per cent, of 
lead sulphate and 2 per cent, lead oxide are formed, without 
the Separation of any metallic lead. The amount of sulphate 
produced is proportional to the oxygen in the lime present, 
''hich, however, is not altered by the reaction, and appar- 
ently serves only as a carrier of the atmospheric oxygen, 
^he operation is continued imtil 5 per cent, of unchanged 
sulphide of lead remains, when the product is withdrawn from 
'be furnace, pulverised, transferred to a converter, and sub- 
jected to an air-blast at a pressure of about 1 inch of mercury, 
hi a few moments a notable rise of temperature is observed 
from the oxidisation of the residual sulphide and the joint 
action of the sulphate and air. The mass becomes pasty, and 
evolves dense fumes of sulphurous acid gas, and finally solidi- 
Beb when the operation is finished. The product is essen- 
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tiftlly a mixtiire of lead oxide with sulphate of lime, und, if 
the ore is ailicious, lead silicate, the sulphur being entirely 
removed even when other sulphides ate present. Finally, 
the reduction to metal is carried on in the blast furnace. 

The process is said to work well, with a saving of nearly 
half the fuel formerly used, with diminished losses of lead 
and silver and greatly reduced cost for labour. About 
38,000 tons of ore are treated annually by this method, the 
whole of which is reduced in a single water -jacketed blast 
furnace. 

Kirkpattick-Picard (1900) in his treatment of complex 
sulphide ores containing lead, zinc, gold, silver, sulphur, etc. 
(the type of the well-known Broken Hill sulphide ores), pro- 
ceeds as follows: — The ore is ground in a suitable mill, and 
then submitted to an oxidising roast in a reverheratory fur- 
nace, with the object of producing the maximum amount of 
oxides of lead and zinc and the minimum amount of sul- 
phates. The sulphurous gases produced during the roast are 
collected and utilised. Inasmuch as it is impossible in 
ordinary roasting practice to convert all the lead sulphide 
into oxide, means are taken to keep at the lowest point the 
amount of lead sulphate produced. With this object, after 
the first stage of roasting is finished, and in order to get the 
ore as far as possible into the form of oxides, a small quan- 
tity of small coal is added to the partially roasted mass while 
still in the furnace. When finished, the roasted ore is with- 
drawn and mixed with powdered coking coal as a reducing 
agent, and in order that in the subsequent treatment the 
mixture of coal and ore may coke into coherent masses. The 
mixture is now submitted to a zinc-distilling temperature in 
a retort or muttle furnace, iu such a way that the fiames or 
gases from the furnace shall not come direct in contact with 
the ore charge. The result is the production of metallic lead 
and rinc At the temperature of tlie furnace the zinc is 
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volatilised and condensed in the usual way, and the lead, 
gold, silver, iron, and silica are left in the retort, suspended 
or hung up in the carbonaceous sponge formed by the coke, 
to be subsequently smelted. 

In order to prevent the deleterious effects of the lead 
upon the retorts, the coal used is of a bituminous character. 

The residue, after the extraction of the zinc, is smelted 
in the blast furnace for the recovery of the lead, gold, and 
silver, and separation therefrom of the iron and silica. 

A very interesting process, depending on the difference 
between the volatilising points of lead and zinc oxide, has 
been invented by Pape and Witter (1900). The idea 
consists of roasting the mixed ores so that one part of 
the metallic oxides produced, is caused to pass away simul- 
taneously with the furnace gases from the roasting chamber, 
while the other is directly precipitated in the chamber. 
Fig. 16 is a section of the furnace used. To carry the 
process out, finely powdered sulphide ores are fed from a 
hopper A in a thin stream into the combustion chamber 
B, the walls of which have been previously heated to a 
high degree, and into which heated air currents from the 
flue C are introduced. By this means the ore is oxidised 
instantaneously as it falls on to the hearth of the furnace. 
K the ore contains suflBcient sulphur to support combustion, 
no further addition of fuel is necessary during the working ; 
^ not, fresh charges of fuel are necessary to keep up the 
temperature of the chamber. While the non-metallic consti- 
tuents of the ore fall, together with the greater part of the 
oxides of lead, silver, iron, and copper, on to the bed of 
the furnace, the greater part of the zinc oxide, along with 
* small proportion of lead and silver oxides, will escape 
^ith the furnace gases at the exit D, passing thence into 
cooling chambers or condensers, for the recovery of the 
inetallic oxides. 
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In the zone marked 1, sulphurous acid is formed, and 
oxides of the non-volatile metals which fall on the sloping 




floor E, and are removed for reduction through the door 
F. In zone 2, the volatile metals separated from the 
Bulphur exist in a state of vapour, and become oxidised 



iu zone 3, some of the oxidea falling into the division 
G, while some pass through with the fumes at the exit 
D. The collected oxides and the condensed fume are 
treated in the hlast furnace for reduction to the metallic 
state. 

At EUesmere Port, the Smelting Corporation Limited 
carry on an ingenious method for treating mixed ores, which 
is deecrihed fully by Mr. Julius Vogel, their consulting 
chemist, in the column a of the Engineeriiv) aiid Mining 
Journal, New York (1900). The works are designed to 
smelt 90,000 tons of ore per annum, and all the motive 
power is supplied by electricity supplied from two con- 
tinuous-current multipolar generators, each of 400 kilowatts 
capacity. 

The ore, after unloading, is first crushed to i^ in. in 
size, and then wheeled to the calciuers, which are of the 
revolving- table type, and each capable of treating 12 to 
15 tons ore every twenty-four hours. After calcination, 
the wasted mass is pressed in briquettes, 4 in. diameter 
and 2i in, deep, and then smelted in a water-jacketed 
type of blast furnace, fitted with a " syphon " arrangement, 
to run off the lead without interfering with the working 
of the furnace. The fluxes used are a mixture of 25 per 
cent, salt cake (sodium sulphate) and 12^ per cent. "Blue 
Billy " or burnt iron oxide, of the weight of calcined ore 
taken. From experimental work carried on, the advantage 
of an alkaline flu.^ was seen in the complete separation of 
lead and silver from the slag, which contained practically 
the whole of the zinc, along with the other constituents of 
the ore treated, the lead bullion being subsequently cast into 
" pigs " for desilverization. 

In working the furnace, the sl^f continuously runs from 
suitably arranged notches into settling pots to allow the 
depositing of any lead mechanically carried away, and is 
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then cast in conical moulds for further treatment. Thia 
treatment consiste of a melting with email coal on the bed 
of a Siemens open-hearth regenerative gas furnace ; by this 
operation the zinc oxide contained in the alag is volatilised 
and carried off with the furnace gases to cooling chambers 
or condensers, and the oxide recovered. 

The slag tapped from the furnace settles in two distinct 
layers, the upper being of no value, and is wheeled away 
to the tip ; the lower forms a kind of matte, and coutama 
any zinc not volatilised in the Siemens furnace, along with 
iron and soda. It is crushed, calcined, pressed into briquettes, 
and smelted with fresh ore. 

The lead recovery by this process is 90 per cent, in 
bullion, and the silver recovery in the bullion 80 per cent., 
the remaining 20 per cent, being recovered from the zinc 
slag, while the zinc averages 70 per cent, in the form of oxide 
and matte. 

Treating mixed sulphides by a precipitation process has 
found little or no favour as a practical means of economically 
working these ores. 

Many methods have been devised, amongst which may 
be mentioned that of Wells, who aeparatea by fractional 
precipitation lead, copper, nine, silver, etc., from solutions by 
means of a soluble alkaline sulphide, added in succesaive 
portions. The unroaated ore is first digested with hydro- 
chloric acid in stone vessels, partially neutralised with chalk 
or lime, boiled, and then filtered through peat. The filtrate 
is allowed to cool, when most of the lead separates out as 
chloride, and the remainder is thrown down as an insoluble 
sulphide by the addition of sodium sulphide. The residue 
left in the stone vessels is dried, calcined iii a reverberatory 
furnace, and the calcined mass digested with hydrochloric 
acid, which dissolves out the copper, silver, zinc, and iron 
as chlorides ; the silver is removed as iodide by the addition 
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of potassium iodide, and the liquor then neutralised with 
lime. 

By fractional precipitation with sodium sulphide, in 
carefully proportioned quantities, the remaining metals are 
separated as sulphides. 



CHAPTER VI. 

Condensation of Lead Fume. 

Taking on the average, 1500 cubic feet of smoke per 
minute is emitted from a reverberatory furnace smelting 
1000 tons of ore per annum, and that this smoke contains 
a good proportion of lead in one form or another, and in 
a very finely divided state, it can be well understood that, 
without some means of condensation, these poisonous lead 
gases, if allowed to go free into the atmosphere, would 
have a very serious effect on the health of a surroimding 
community, and in addition be a serious financial loss to 
the smelter. 

This loss may be noted if we consider the value of the 
products carried off in the course of smelting. Pallize 
estimates that the lead in the gases emitted from the 
reverberatory and blast furnaces to be 150 and 130 lb. 
respectively on every ton of ore, assaying 70 per cent., 
smelted. Assuming, then, that no means existed for its 
recovery by deposition in long flues or by wet condensa- 
tion, the money value of the loss, with lead at £14 
per ton, would amount in the reverberatory furnace to 
18s. 9d., and in the blast furnace to 16s. 3d. for every ton 
of ore so treated — a result which no smelter could with- 
stand. 

84 



CONDENSATION OF LEAD FUME 



85 



The following two analyses represent the composition 
of lead fume — 



Lead . 
Oxide of lead 
Sulphate of lead 
Sulphide of lead 
Oxide of zinc 
Oxide of iron 
Arsenious acid 
Carbonic acid 
Insoluble in acids 



Alston Moor. 


Freiberg. 


• • • 


trace 


10-20 


27-90 


65-60 


13-00 


1-40 


• • • 


13-80 


49-50 


3-40 


• • • 


• • • 


2-10 


• • • 


7-00 


5-60 


• • • 



10000 



99-50 



The oldest form of arrangement for treating the furnace 
g^ses, and which, to a limited extent, is even now used in 
severial English and Continental works, is by a long zigzag 
vaulted flue, 7 ft. high and 6 ft. wide, and traversing, in 
some instances, a distance of 5 miles. The large surface 
friction met with by the travelling gases, condenses more or 
less completely the volatilised metallic constituents, which 
gi^adually increase in bulk, and require a stoppage of the 
Work to effect their removal from the flue. 

The modem method of condensation is that in which 
wge chambers are employed, through which the gases are 
DQade to circulate about variously arranged condensing sur- 
feces, the operation at the same time being aided by a 
constant stream of water sufficient to precipitate the matters 
condensed by the contact surface; or the gases are forced 
oy steam pressure directly through a layer of water, which 
effects their complete condensation. 

In Stokoe's condenser, the gases are forced by a powerful 
exhauster into a large chamber built of heavy planking, well 
fcied together with iron rods, and lined internally with 
enamelled fire-bricks. The chamber is divided into com- 
partments by a number of vertical partitions, open alternately 
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nt the top and bottom, and through which 
forced to pass up and down, the condensati 
liy a shower of water kept falling in eac 
down wliich the gasea descend. At the 
chamber ia a layer of water rising above th 
opening below, bo that the gasea have to ] 
surface of the water and then be driven throi: 
to continue their course into the next comp. 
above the water level are fixed at equal dista 
perforated shelves, covered with layers of p 
suitable material, whose surfaces materially 
condensation. 

Stagg'a condenser is similar to the abc 
however, are drawn through the chamber 
acting pump placed at the end of the com 
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Yw. 17.— Falliiip's Condenser. Section thraugli T Z. 

5 (Figs. 17, IS, and 19), tlie bottoms of whie 
covered by a determined height of water maintaine 
rel X - Y. The gases enter the chamber A by tt 
■ E of the flue leading from the furnaces, and paa 
nally towards the elbow C, by which they enter tl 
B. At bh. two jets of ateam are injected. 
in the chamber B, the gases are thus perfect- 
with steam, and are besides to some extent coole 
<f the steam, partly by contact with the constant 
water in the bottom of the chamber, and partly I 
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expansion, which results from the difference in the eectionB 
of the two chambers. The middle of the chamber E is 
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Fallize's Condenser. Seetion through P 




barred by two vertical intersticed walls mm,, and in the 
space between are placed seta of hollow perforated balls. 
Above thia is placed a water tank H, from the perforated 
bottom of which a shower of cold water falls, which spreads 
o^er the surface and interior of the balls. In traversing the 
■"tetices of these balls, the gases are cooled, the steam 
condenses, and the water thus formed, added to the shower 
t'f cold water from above, carries to the bottom of the 
apparatus all the condensable products, whether soluble or 
iHBoluble, held in suspension in the gases. The insoluble 
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matters pnss through the stratum of cold water and fall 
on the inclined bottom, which carries them towards the 
longitudinal channel K K, where they collect, and can be 
easily withdrawn by a pump or other suitable arrangement. 
Any solid particles carried by the current beyond the channel 
K K are caught in the partitioned pit L L, which the liquid 
traverses before being discharged. On the other hand, all 
the matters condensed in the chamber A, or in the chamber 
B, outside the iuteraticed walls, are equally brought into the 
channel K K, for which purpose the walls separating the two 
chambers are supported by a vaulting, which is kept con- 
stantly submerged. 

A very efficient condensing an-angement is invented by 
Hannay, and used in condensing the fumes of sulphate of 
lead in the manufacture of the white pigment by the White 
Lead Company Limited. A description of this condenser is 
given under the heading of Sulphate of Lead, 

Softening of Lead hy the Cakinhiij Furnace. 

Generally, the pig lead produced by the smelting of the 
ore is of a hard nature, and unsuitable for desilverizing or 
conversion into white lead, or into sheets, pipes, etc. This 
hardness is due to the presence, in more or less proportions, 
of antimony, arsenic, copper, iron, and other metals, and for 
their removal the process of calcination is resorted to, which 
is simply an oxidation of these metals, along with a small 
portion of the lead, the whole forming a scum on the surface 
of the molten metal in the calcining pan, and can thus easily 
be removed. The Oiilcining is carried on until a sample with- 
drawn has all the properties of a " soft " lead. The scum is 
smelted for the recovery of the lead. 

In the following analyses the composition of some non- 
argentiferous hard leads of English, Spanish, and Austrian 
make are given : — 
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EngliBh. Spanlih. 


.--... 


i 


Bichardaon. 


Freiberg. 
KarBten. 

91-51 
5-82 
1-02 
0-90 
0-62 
0-20 


Claasthal. 
Streng. 

85-34 
14-06 

0-10 


Le&l , 

It. : 

MM . 


) 


S9-27 
0-57 

04 


95-81 
3-36 

6-32 

1 »:!' 1 




100 '00 


99-70 


99-67 


99-50 



The form of furnace uHed for softening hard lead is of 
tDe reverberatory type, elevation and eection being shown in 



i 



Fio 20 — Softening Furnace Elovatiou 




Fio. 21, — Saction. 



'igs. 20 and 21. It is built of fire-brick, and tied with tie- 
"*^a, with the usual bridge A and fire-place B. The hearth 
^ eonaiBts of a wrought-iron pan in which the charge of lead 
^ treated, D is the working door, E the spout tor running off 



the Boffc lead, and F ia a flue carrying away the spent gases. 
In some works, the charge is added to the pan in the form of 
pig lead ; in others it is previously melted and then ladled 
into a spout, which carries it to the pan, An improvemeul 
over these methods of charging, consists in heating the 
in a large east-iron pot embedded in brickwork, placed at tk 
end of the furnace, and at an elevation so that the molten 
metal can be run as required direct into the pan, the waste 
heat of the furnace being used for heatiog the pot. The 
weight of a charge will vary from 10 to 30 tons. 

The process of liquation depends on a separation of dif- 
ferent metals, according to their melting-points ; and on this 
principle is based the working of the caleuiing furnace. The 
charge is first subjected to a temperature sufficient to melt 
the lead, which liquates out from the metals of a higher 
melting-point, which, rising to the surface, becomes oxidised 
as the temperature of the furnace is increased, and, forming a 
scum with the oxide of lead present, is removed from time to 
time. To render the scum less pasty, and thus facilitate its 
removal, a little lime ia thrown on the surface, which acts aa 
a dryer. After eight to nine hours' exposure a sample of 
the molten lead is drawn, cooled, and then examined. If the 
cooling is accompanied with a deep blue fdm on the surface 
of the sample, and the metal, when solid, is soft to the 
scratch, the treatment is considered as finished, and the 
contents of the pan are tapped off into moulds aa soft pig 
lead for further treatment by the Tattison, Parkes, or the 
Luee-l{ozan desilverizing process. The following are the 
average yields of soft lead hy the calcining procesB 
(Payen) :— 

Good Spanish hard lead . 
Hard lead from cryatalliziug dross 
English slag lead 
Slag lead from refuse products . 



YiBld of Soft Lead. 
93-2 per cent, 
. 90-3 „ 
. 87-1 „ 
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ihe cost of treatment being about 3 s. 5d. per ton for labour, 
seals, and repairs. 

According to Keith, the refining of lead is now carried 
out by « electrolysis in New York (1892) by the Electro 
Metal-Eefining Company. 

In each of the thirty wooden vessels, 3 ft. deep and 6 ft. 
wide, dip 13 cylinders of thin brass plate, arranged con- 
centrically at about 2 in. distance from each other, and 
serving as cathodes. The anodes are formed of plates of 
unrefined lead, each being 2 ft. x 6 in. x J in., surrounded 
by muslin bags. A solution of sulphate of lead with acetate 
of soda is constantly fed into the vessels at the bottom, and 
runs over at the top into a warming apparatus, where it is 
heated to 38° C. (100° F.), and is then conveyed back into 
the electrolysing vessels. Arsenic, antimony, silver, etc., are 
r deposited in the muslin bags surrounding the anodes, and 
are melted with saltpetre and soda to 'obtain the silver. 
Practically, all the impurities are removed from the hard 
lead by this process. 



CHAPTER VII. 

Desilverization ; or, the Separation of Silver from 

Argentiferous Lead. 

In the olden days of lead-smelting, the separation of the 
silver was carried out by converting the whole of the lead 
into oxide, and thence recovering the silver by cupellation, 
the oxide ultimately being re-smelted with carbonaceous 
matter to recover the lead. The process was very wasteful 
in lead, and a portion of the silver remained unrecovered, 
which gave to the lead a certain hardness, which depreciated 
considerably its market value. Later, this method of treat- 
ment gave way to the Pattison, the Luce-Rozan, or the 
Parkes process of desilverization. 

The Pattison Metlwd of Treating Argentiferous Lead. — 
This method is based on the property of lead to crystallize 
out from its molten state, up to a certain point, leaving the 
silver to form what is termed a eutectic alloy with the 
remaining lead, and containing the former to the extent of 
500 to 600 oz. to the ton. If, therefore, an argentiferous 
lead is melted and then slowly cooled, the larger portion of 
the lead can be removed by crystallization, leaving practically 
the whole of the silver as a rich alloy, from whence it is 
recovered, by the process of cupellation. 

In practically carrying out this principle, the " Pattisonisa* 
tiou " is rarely carried to more than 500 oz. silver to the tor* 

For working the process, a series of cast-iron pots« 
holding 8 to 9 tons, are incased in brick 
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fire-place is provided for each pot. In Fig. 22 an instal- 
lation is shown of eleven pots working what is termed the 
" high system." Between each pair of pans a smaller pan is 
placed, which is kept full of molten lead, and is used for 
cleaning the perforated ladle. Pot No. 1 receives the rich 
silver-lead alloy at the end of the process, while pot No. 1 1 
is termed the market pot, from whence the desilverized lead 
is cast into pigs for various uses in the arts. 

Starting, say, with a lead containing 16 oz. silver to the 
ton, it is first melted in pot No. 6, the dross skimmed off, 
and then allowed to partially cool by withdrawing the fire. 
During the cooling the charge is constantly stirred, and any 
portion which solidifies round the edges is removed by an 
iron " slice," and mixed with the molten lead. As the 
temperature lowers, the crystals of lead increase in bulk, 
and are removed from time to time by the perforated ladle, 
supported by a swinging crane, and, after draining, are 
eniptied into pot No. 7. This is continued until two-thirds 
of the metal, in the form of crystals, has been removed ; the 
remaining one-third liquid portion is then transferred to 
pot No. 5, and contains about double the quantity of silver 
that existed in the original charge, while the crystals of lead 
are poorer to the extent of one-half. The same operation is 
repeated with all the intermediate pots, fresh lead, having the 
same percentage of silver, being added to each pot to make 
^P the bulk, until the rich silver alloy reaches pot No. 1 
^^d the desilverized lead-pot No. 11. The series of pots 
Will show the following assays of silver per ton : — 

No. 1. No. 2. No. 3. No. 4. No. 5. No. 6. 

Silver-lead alloy. 512 oz. 256 oz. 128 oz. 64 oz. 32 oz. " 16 oz. 

per ton. per ton. per ton. per ton. per ton. per ton. 

No. 7. No. 8. No. 9. No. 10. No. 11. 

8 oz. 4 oz. 2 oz. 1 oz. J oz. Market lead, 

per ton. per ton. per ton. per ton. per ton. 
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The method of working depends on the amount of silver 

in the lead to be desilverized. With poor argentiferous 

leads the " low system " is adopted, being the removal of 

seven-eighths of the contents of each pot in the form of lead 

crystals; with richer leads containing 15 to 30 oz. silver to 

the ton, the " high system " is in use, and which depends on 

the conversion only of two-thirds of the charge into crystals, 

the silver doubling itself in each operation. During the 

working, the skimmings or dross taken from the surface of 

the molten metal in the pots averages about 25 per cent, of 

the weight of the original charge, and is set aside for 

reduction to metallic lead in the reverberatory furnace. 

The Luce-Rozan Process. — This method, used largely in 
France, is a modification of the Pattison treatment, and 
depends on the use of steam for agitation during the crys- 
tallizing out of the lead. By its use, the softening of the 
lead, previous to its desilverization, is dispensed with, the 
antimony, arsenic, iron, zinc, etc., being removed in an 
oxidised state by the action of the steam. The size of the 
plant varies according to the output required, consisting, in 
some works, of a large pot holding 20 tons of lead, and 
heated by a fire-place underneath. In conjunction with this, 
^lid at a lower level, is placed the crystallizing pot, having a 
capacity of some 40 tons. In desilverizing, the charge of 
argentiferous lead is first melted in the upper pot, and 
thence run by a spout into the lower, among the crystals 
l^ft by the last charge, which rapidly liquefy. The surface 
of the molten mass is now skimmed, the skimmings being laid 
aside for reduction, and a jet of steam introduced in the 
bottom of the pan, and which is evenly spread by means of a 
suitably arranged bafileplate above the nozzle. Gradually 
fte temperature falls, and the formation of crystals commences 
through the molten mass. This is continued until two-thirds 
of the charge have crystallized, leaving the remainder, or one- 
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third, iu a liquid state, the eeparation being effected by 
draining oft' the latter through perforated platea, the crystals 
being retained in the pot. A freah charge of lead, having 
the same percentage of silver as the crystals, is then rim in, 
and the steaming operation repeated. The liquid portion 
drained from the crystals, after cooling, undei'goes the further 
process of cupellation, for recovery of the silver, while the 
crystals in due course are melted and cast as market lead. 

yAt Parkcs Process.— ThiB interesting method depends 
upon the physical fact that silver alloys itself more readily 
with zinc than with lead, and that a mixture of zinc and 
lead, in any proportion, will not form an alloy on fusion, the 
two metals separating out in distinct layers on cooling. If, 
then, argentiferous lead is melted and the bath treated with 
molten zinc, the silver from its greater afSuity beeomee at- 
tached to the zinc, and on cooling the bath the argentiferous 
zinc separates on the surface as a distinct layer from the lead- 

The process is carried on in large hemispherical caet-iroa 
pans placed in close proximity to the calcining furnaces, 
from whence the lead can be run direct into the pans. A 
charge of about 20 tons is usually given each pan, whiob 
is incased in brickwork and heated by a fire beneath. At 
a temperature of 420° C. the zinc is added, in proportion 
varying with the amount of silver present, a chaise contain- 
ing 30 07.. silver to the ton requiring about 1 per cent, of 
zinc, which is well stirred into the molten mass with iron 
rabbles. On complete solution, the contents are kept at the 
above temperature for twenty minutes, and then gradually 
cooled by damping the fire. Below 418" C. the zinc begins 
to solidify, forming a crust on the surface, and carrying with 
it practically the whole of the silver. 

The crusts as they are formed are removed, and fictilly 
the lead, while still retaining a small percentage of zinc 
becomes practically desilverized. To eliminate the zinc, the 
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lead is remelted in the calcining furnace, the former metal 
being oxidised and then volatilised as zinc oxide. 

The silver-zinc crusts with a proportion of mechanically 

mixed lead are now treated by the process of liiq[uation, to 

remove a portion of the latter. By this operation, which is 

carried on in an iron pot heated by a separate fire, the 

temperature is raised to a point slightly above the melting- 

point of lead, and the excess of the latter " sweated " out, the 

metal flowing to an adjacent lead-pot. 

For recovery of the zinc and silver the residual mass in 
the liquating pot is mixed with charcoal, and then charged 
into retorts or crucibles, and the zinc distilled over and con- 
densed (see Zinc). The residue of the retorts, consisting of 
silver and lead, is cupelled to obtain the precious metal. In 
some German works, the zinc crusts are mixed with lead 
chloride, and the mass heated to a dull redness. The soluble 
zinc chloride formed is washed out, leaving an alloy of silver 
and lead, which is cupelled for the recovery of the silver. 

The following analyses represent the composition of de- 
silverized and market leads : — 





English. 


German. 


Spanish. 


Lead .... 

Antimony 

Copper .... 

Zinc 

Iron 


99-989 
0-006 

0-'6()2 
0-003 


99-927 
0-018 
0-009 
0-020 
0-024 


99-892 
0-036 
0-017 
0-035 
0-019 

99-999 




100-000 


99-998 



Cupellation. — The rich silver-lead obtained by any of the 
three methods described above requires to undergo the pro- 
cess of cupellation, to effect the separation of the valuable 
metal from the lead. Cupellation depends on the easy con- 
version of metallic lead in a molten state and in contact with 
7 
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H current of air to oxide of lead or litharge, while the silver 
reran,in8 entirely uuchanged. Two Bystema of cupelling are 
in use — the English and the German. With the former, the 
furnace used is of the reverberatory type with fixed roof, and 
the cupel or test in which the silver-lead is treated is movable, 
the charge beiug fed at intervals during the refining. The 
latter system, on the other hand, is carried on in a form of 
furnace in which the roof is made of iron, and can be re- 
moved as required by a crane ; and, unlike the Engliah 
method, the cupel is a fixture in the bed of the furnace, 
while the charge of silver-lead is not distributed over the 
working, but is made in full at the commencement. 

EtigliBh System of Cnpellation. — The reverberatory furnace 
used is sometimes erected singly or in pairs, in which two 
cupels can be worked at tlie operation. In Figs. 23 and 24 
a section and plan are shown of a double -cupelling furnace. 
A A are the fire-places ; B B the fire-bridges ; C C the cupels 
resting on the waggons D D ; E E are the lead-pota contain- 
ing the silver-lead, and which supply the cupels by means of 
the iron gutters F F ; G G represent the tuyeres supplying 
tjie blast; at HH arc openings in the cupels through which 
the litharge formed ia blown over into the receivers below; 
1 1 are the flues for carrying off the gases ; and K K the 
double-chimney. 

The cupels used are oval or rectangular in shape, each 
consisting of an iron frame 4 ft. long and 2^ ft. wide, the 
bottom being formed of iron bars bolted on to the framework. 
They were formerly filled with powdered bone-aeh moistened 
with carbonate of potash, and then beaten down to form a 
solid compact mass. According to A. K. Huntington, this is 
now superseded by a cheaper mixture of clay and limestoBft, 
which, after pressing, is scooped out so as to form a cavitj'', 
and leaving a lining of the mixture round the sides and 
bottom of the iron frame. In the front, a channel soiii^ 
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5 ill. iu width, whereby the molten litharge can flc 
through into the receive;)- below. The cupel forma tl 




hearth of the fiiruace, aud, resting on a carriage, can I 
removed, and a new one replaced, without interfering flit 
the working of the furnace. 




CHAPTER IX 

Protoxide of Lead — Litharge and Massicot. 

Protoxide of lead, which occurs in the native state as lead 
ochre, is formed by the chemical union of lead with oxygen. 
It is brought into commerce as litharge and massicot, the 
former being crystalline in its texture and of a reddish-yellow 
colour, the latter an amorphous yellow powder. The two, 
though differing in certain of their physical properties, are 
yet identically the same in chemical composition. 

They are used for the preparation of drying oils and for 
assaying and pharmaceutical purposes. When mixed with 
other ingredients and the mixture ground with linseed oil in 
a mill to a stiff paste, they form a very durable cement for 
stone work. Litharge in a flake or levigated form, is also 
used in the manufacture of acetate and other lead compounds, 
and as a glaze for earthenware. 

Litharge, — On the large scale, litharge is either obtained 
as a bye-product in cupellation, or is produced directly by 
the oxidation of molten lead in the hearth of a reverberatory 
furnace, the temperature being raised to melt the resulting 
oxide and so convert it into the reddish-yellow litharge. 

From the first cupellation, the litharge obtained contains 
a proportion of silver, and to recover this it is reduced to 
the metal which is treated by the Pattison or the Parkes 
process, the silver-lead alloy being again cupelled. The 
litharge from the second cupellation is collected in large 
pots ; the first and last portions are generally rejected as 

109 
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being too impure for marketable pui^poaes. The gradual 
cooling is a matter of importance, as the proportion of flake 
litharge yielded depends on this condition. On emptying 
the cooled pots, the friable portion is crushed and passed 
through a revolving circular screen enclosed in a wooden 
erection, and the fine iiake lithai^e collected and packed in 
casks for the market. 

The hard and coherent mass remaining is used for the 
manufacture of levigated litharge, and for this purpose it is 
fed with water into a set of millstones, the ground material 
thence falling into tube below and well agitated with water 
by means of revolving paddles, to wash and separate the 
coarser particles. The washed litharge is now run into large 
settling tanks, allowed to subside, and the supernatant water 
syphoned off, leaving a thick layer of reddish-yellow oxide for 
drying. At some works, the water and litharge are pumped 
direct into powerful filter-presses, thus effecting a better 
separation than by settling of the two, the cakes of litharge 
produced containing leas than 8 per cent, of moisture. By 
either way of treatment, the litharge requires to be dried, 
and this is carried out by exposure to the low heat of a 
reverberatory furnace for several hours. The dried product 
is packed in casks and sold as levigated litharge; 

Massicot — When nitrate, carbonate, or oxalate of lead are 
heated in contact with air, and at a temperature while 
sufficient to break up these bodies, yet insufficient to melt 
the oxide produced from their decomposition, a lemon-yellow 
powder results, and to this the name of massicot is given. 
On the large scale, it is prepared by melted refined lead ou 
the flat hearth of a reverberatory furnace, at a temperature 
low enough to prevent the fusing of the oxide of lead formed. 
This is removed as it forms on the surface, and the operation 
is continued until practically the whole of the molten lead is 
converted into a yellow amorphous powder, which is ground. 
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washed, and dried in a manner similar to the treatment of 
litharge. 

The manufacture of marketable litharge direct from the 
ore is carried out by a process invented by Fell (New York, 
1900). He converts the galena (sulphide of lead) into 
sulphate of lead, by mixing the powdered ore with some 
refractory material, also in powder, such as lime or magnesia. 
This mixture is then carefully heated for about one hour in a 
reverberatory furnace at a temperature ranging from 600° 
to 750° F., with excess of oxygen so as to oxidise both the 
lead and the sulphur -of the ore. This heating converts the 
lead in the charge wholly or partially into sulphate of lead. 
On completion of the oxidation, it is withdrawn from the 
furnace, cooled, and then intimately mixed with dry powdery 
caustic soda in the proportion of 26 parts caustic soda to 
100 of sulphide of lead, and the mixture submitted to heat ; 
the caustic soda converts the oxidised sulphur compounds 
into protoxide of lead and sulphate of soda. 

The mass now consists of protoxide of lead, mixed with 
some undecomposed ore, matrix, and sulphate of soda, which 
is put into suitable vessels, and water added to dissolve out 
the soluble soda salt ; the whole is then allowed to settle, and 
the clear liquor decanted. The undissolved residue is now 
treated with a strong solution of caustic soda (1 part to 2 
parts water), and brought to the boiling-point with constant 
stirring. On turning off the steam and allowing to settle, 
the clear liquor containing the whole of the protoxide of lead 
is run into a vessel containing metallic lead in such form as 
to present as much surface as possible. In practice, granu- 
lated or spongy lead formed by pouring molten lead into 
water is employed. The hot solution of the protoxide is 
allowed to remain for a short time, and is then drawn off to 
another vessel to cool, and as it cools it deposits the litharge 
^ the form of crystals, which vary in size and colour 
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by the Pattison or Parkes process for any silver it may 
Goutaiii. 

The refined and desilverized metal now appears in com- 
merce aa market lead with less than 0"02 per cent, of impuri- 
ties, and is used for converaion into pipes, sheets, pigments, 
*and other purposes. 



CHAPTER VIIL 

The Manufacture of Lead Pipes and Sheets. 

The conversion of soft lead into pipes and sheets is a very 

important branch of industry, and requires a high standard 

of purity in the metal used. For manufacturing pipes 

{Scientific American^ April 1895), the refined metal is cast 

into pigs 50 to 100 lb. in weight. They average about 

3 in. in thickness, and range in length from 1^ to 3 ft. 

The first operation is the smelting of about forty pigs in a 

kettle incased in a fire-brick furnace about 4 ft. square, the 

kettle being made of cast-iron about 2 ft. 3 in. in diameter, 

2 ft. 3 in. in depth, and about f in. .in thickness. It is 

flanged on the top, and rests on an iron frame. Connected 

to the outside, near the bottom of the kettle, is a 4-in. iron 

pipe or spout, through which the molten lead is passed into 

the cylinder of the hydraulic lead-press. This operation is 

performed by means of a perpendicular shaft attached to one 

side of the interior of the kettle, connected to the bottom of 

which is a conical-shaped valve, which fits snugly into a 

circular opening in an iron seat leading to the pipe at the 

bottom. The shaft, which has a toothed pulley at the top, 

connects itseM by means of a belt chain to another on the 

outside of the furnace. When the cylinder of the press is to 

be filled with molten lead, the operator turns the outside 

shaft, which, by means of the belt chain, turns the other on 

^he inside of the kettle, a thread at the top of the shaft 

causing the valve to rise, letting out the molten material 
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layers of metallic lead. The metal used requires to b( 
the finest (juality, very soft, and free from copper or ai 
iminy, the former colouring the pigment a dull gi 
Bannow and Kraemer state that the pinkish tinge uccasi 
ally semi in the manufacture, is due tn the presence of sm 
quantities of lead suboxide. 

The process is carried on in lai^e stacks, varying in a 
in different works, some being, according to Bedson, 28 
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high and 14 ft aqiiiire, with a lead capacity of 84 tons ( 
Fig. :i6). The first -^tage in the manufacture is the [; 
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for chemical manufacturing work, and for flushings, gutters, 
ridges, and other roofing purposes, sheet lead finds an exten- 
sive use. 

The pigs of desilverized lead are first melted in a large 
iron kettle having a capacity of 10 to 1 2 tons, and similar 
in construction to the one used in the manufacture of 
piping above described. A spout connects the kettle with a 
mould holding about 4| tons, and having a size about 5 ft. 
in length, and 7 ft. 10 in. in width. Lifting hooks are 
placed at each comer, and the molten metal is then run 
into the full capacity of the mould. After three days the 
flat ingot formed is sufficiently cooled to be raised by a 
travelling crane and carried direct to the rolling mill, which 
consists of double-cylinders 9 ft. long and 30 in. in diameter, 
geared directly to the main driving engine, and provided 
with the adjustments common to all rolls. 

The table or bed of the mill is composed of a double 

series of parallel rollers, on which the lead rests, and the 

I necessary motion is obtained by a rack adjustment placed 

I between the parallel lines of rollers, whereby it is pushed 

[ between the cylinders. The ingot is passed and repassed 

until the length has increased to 30 ft., the width remain- 

^S constant, and weighing about 30 lb. to the square foot. 

[ To reduce the sheet into a length and weight per square foot 

required for commerce, it is cut into sections by vertical 

knives working across the bed between two of the support- 

ing rollers. Each section is again rolled into 18-ft. lengths, 

and of a weight varying from 2i to 10 lb. per square foot, 

according to requirements. 

Tea Lead, — This form of lead, existing in very thin sheets, 
is exclusively used for lining tea-chests, and in its manufac- 
ture employs considerable native labour in Hong Kong and 
Shanghai. The process consists of pressing between tiles 
faced with several thicknesses of unsized paper a right pro- 
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each alternate end to allow the circulation of air throu^ 
the stack. On this is placed another layer of tan to a 
depth only of about 1 ft., which forms the second bed, and 
on it the layers of pots and lead are placed, as in IJie 

first bed. The stack is thus gradually built to the top 
of the brick chamber, the front opening closed up and 
then allowed to stand fourteen to fifteen weeks before 
reopening. 

During this period, the various chemical actions which, 
transform the metallic lead into a definite mixture of carbon- 
ate and hydrate of lead take place. From the fermenting 
tan is obtained, along with carbonic acid, the necessary heat 
to volatilise the acetic acid and water in the pots ; and these 
products in conjunction with the oxygen of the air in the 
stack, acting upon the lead, yield a basic acetate, which is 
further converted into basic carbonate of lead by the action 
of the moist and warm carbonic acid. When the corroding 
action is deemed sufficient, the stack is reopened and the plates 
are found covered with a thick coating of white lead. To 
detach this from the cores of uncorroded lead, the white 
layers are carefully removed and thrown into large tanks 
containing water, and from thence are lifted by a bucket 
elevator to an endless band, which feeds two pairs of rollers; 
on passing through the last pair, the detached metal falls 
into a receiving tank, while the powdery white lead drops 
over a sloping shelf into another tank, to be ground and then 
dried for the market. 

Tlie lead is again melted and cast into plates or grates 
for a second corrosion. 

In grinding the wet white lead to a condition suitable 
for drying, six or seven pairs of stones are used in some 
works, tlie pulp being passed through the series before a 
sufficient degree of fineness has been attained. 

The drying is carried out in long brick chambers, pro- 
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vided with ventilators for carrying off the moist air. On 
each side of the central passage are arranged the wooden 
racks for supporting the shallow dishes containing the pulp 
lead. The chambers are warmed by air flues, and kept at 
a temperature which, while it effectually dries the white 
lead, does not injure its colour. Over-heating gives a 
yellow coloration to the pigment, which depreciates its 
value. 

White lead is very quickly attacked by sulphur com- 
pounds, forming black sulphide of lead. Consequently, 
when used in a sulphuretted atmosphere, it does not retain 
its colour in the same manner that zinc white would do 
under similar conditions. 

When white lead is strongly heated in contact with the 
atmosphere, it forms a variety of red lead, having an orange 
tint, and known commercially as orange lead. 

Heavy spar, gypsum, zinc oxide, and sulphide are fre- 
quently used as adulterants in commercial white lead, and 
lower its value as a pigment. 

Red Lead or Minium, 

Eed lead or minium is a combination of peroxide with 
protoxide of lead — 

2PbO + PbOg = PbsO^, 

and exists as a scarlet crystalline powder, with a specific 
gravity of 8*62. 

It is prepared by the oxidation of metallic lead into 
protoxide or litharge, and thence into red lead by a further 
absorption of oxygen — 

(1) 3Pb-t-03 =3PbO; 

(2) 3PbO -t- = Pb304 ; 

the theoretical yield being 110 "3 6 parts from 100 parts of 
uaotallic lead oxidised, or 10*36 per cent. 
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According to Percy, eoramercial red lead has the folk 


compoBition : — 


■ 


„ ^ , ^ fPeroxide of lead . 
^•i '^Hl'rotoxid. of lead . . 


18-89 
. 80-54 


Sesquioxide nf iron 


0-19 


Copper and silver . 


trace 



I 



99-62 

Red lead, when heated, changes from acarlet to a violet 
colour; the original, shade, however, is regained on cooling. ■ 
At a red heat it ia decomposed into oxygen and litharge, i 
thns— 

rb,0, = 3PbO + 0. 
Like all the other oxides of lead, it is quickly rednced to 
metallic lead when heated to redness with charcoal^ 
Pb30i4-:^C=3Pb+2COg. 
The manufacture is carried on in two stages, the first beins 
the conversion of the lead into lithai^e, and technioallsi^ , 
known as " dixiaaing " ; and the second consists of a fiirthe"*-! 
heating of the lithat^e until the desired colour ia obtaineii , 
and is known as the " colouring " stage. Some mannfaeturetrs 
conduct both processes alternately in the same furnace f>i" 
oven; others, again, use a second furnace for the colouring- 
In construction, both furnaces differ but slightly, and are 
seen in elevation and plan. Figs. 21 and 28. They are built 
of lire-bricJc, well tied hy standai-da and tie-rods, and bobl* 
Imve low-arched roofs. The bed of each furnace is made t>* 
fire-brick, and slightly inclines from each side towards tl*^ 
centre, being supported by a cast-iron bed-plate resting »** 
brick columns. In Fig. 27 the three front openings neceS'. 
sary for working the furnace ate showu; A A being the fire"! 
places, and B the door through which the chaise is mad^ 
and the rabbling of the molten metal effected for oxidation > 
the chimney C carries away the gases and any lead fume. 
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A charge of 28 cwt. is used, comprising 25 cwt. of pig 
lead with 3 cwt. of unoxidised lead from previous workings, 
and the fuel consumed is a good quality slack. 







] 



Fig. 27. — Dressing Oven. Elevation. 

In working, the furnaceman first builds a low dam across 
^he front of his oven with ground and levigated oxide from 
^ previous charge, and behind this barrier the pigs of lead 
^fG placed. The metal soon melts, forming a pool, which is 
porously rabbled, so that every part shall in turn be 
presented to the oxidising iiame. This continues for three 
^^^, and the litharge produced is thrown back, forming a 
^^p at the back of the furnace. After eight hours' exposure 



^V£S LEAD AND ITS COMPOUNDS | 

in France, ihe tiriished pigment being known as " Clichy 
White." It ie made by diesolving litharge in acetic acid, and 
then passing into the acetate Eormed, a current of carbunic 
acid gas. When first brought out, it was considered to be a 
revolutionary process, and likely to supersede the old method ; 
hut it soon became apparent that the pigment luid not the 
capacity or body of Dutch lead, — in other words, it was crys- 
talline in texture, and not amorphous. 

Later, Dale and Milner (1872) produced a pigment by 
agitating litharge, salt, and water together, so as to form aii 
insoluble basic chloride oE lead, and suspending this product 
in a solution, made by dissolving caustic soda and common 
suit together ; the precipitate was, iheu finally treated with 
carbonic acid in a lead-lined vessel. 

Wilson (1884) first produces a basic acetate of lead by 
the alternate action of air, steam, and normal acetate of lead, 
upon finely divided lead contained in a revolving drum. The 
basic acetate is then removed to another vessel and treated 
with carbonic acid gas, yielding a mixture of carbonate an^ 
hydrate of lead. 

Lowe (1887) forms a lead nitrate by dissolving litharge 
in nitric acid, and thence precipitating from the solution ^- 
normal csirbonate of lead by adding bicarbonate of soda ot-' 
potash. To convert the normal into the basic product, h^ 
adds a basic lead acetate to the former. 

Bonner (1889) first prepares a sulphate of lead by pre- 
cipitation with sulphuric acid, or oxidises in a current of jur, 
galena ore ; the resulting sulphate is then converted into the 
basic form SPbSO^. PbHoOj, by boiling with caustic aoda. 
On washing the precipitate to free it from sulphate of soda, 
it is further heated with carbonate of soda, basic white lead 
being formed. The reactions are seen in the following 
equations : — 

(1) 3PbS-t-^04 = 3rbS04 (sulphate of lead). 
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furnace, of which a plan is seen in Fig. 28. Here it is exposed 
on the bed D with constant stirring to a temperature ranging 
from 550" to 600° F., the furnace doors being open to allow 
a plentiful supply of oxygen. At the end of forty-five hours' 
exposure, a drawn sample on cooling should have the 
characteristic scarlet colour of red lead. The doors are now 
closed, and the furnace allowed to cool slowly — a provision 
necessary to the success of the colouring stage; then the 
charge is withdrawn, ground and sifted for the market. 
The increase in weight averages 8 per cent, showing a loss of 
over 2 J per cent, in working the two stages. 

Bed lead of commerce is sometimes found adulterated 
with brick-dust and iron oxide ; these impurities can be 
detected on heating the sample, which, if pure, would assume 
the yellow tint of litharge, and, if adulterated, the red colour 
of brick-dust and ferric oxide would remain permanent under 
the heat. 

The requisites for a good protective covering for iron and 
steel, are stated by Mr. William Jones to be — 

(1) That it should firmly adhere to the surface, and not 
chip or peel ofif. 

(2) It must not corrode the iron, else the remedy may 
^Dly aggravate the disease. 

(3) It must form a surface hard enough to resist frictional 
Influences, yet elastic enough to conform ' to the expansion 
^^d contraction of the metal, by heat or cold. 

(4) It must be impervious to and unaffected by moisture, 
atmospheric and other influences, to which it may . be ex- 
posed. 

In undertaking to produce a paint having these require- 
ments, Custer and Smith (1896) consider that there is not 
P^int in existence that will meet these wants so fully as 
Sood red lead, ground in linseed oil, when applied in two 
^^ts, and which yield an absolutely impervious and water- 
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the eoutenta of the vessel well imitated uutil biiBic white leai 
is formed. This product is now forced on to Altera, ti 
separate the white sludge from the fluids, and then dried ii 
the usual way. 

Gamehn (18^6) gu^psts the use of a new pigment in 
the form of oxy-chloro-carbonate of lead. It is prepared by 
heating a mixture of lead sulphate, caustic soda, eommoE 
salt, and carbonate of soda, in water to 100° 0. ; the precipitate 
formed is then thrown on to a filter, washed free of sulphate 
of soda, and then dried. The following equation represents 
the reaction : — 
4PbS0» + 2NaH0 + 2NaCl + 2Nft,C03 = 2PbC0a . PbClj. 
Pb(OH)a + 4NaiS04 (oxy-chloro-carbonate of lead). 

Galloway (1397) forms a white pigment of lead, by 
heating a mixture of silica and nitrate of soda with saper- 
heated steam, nitric acid being given off. The acid ia led 
into earthenware pipes or stone towers containing scrap lead, 
or litharge, whereby nitrate of lead ia formed. This is 
neutralised with ammonia, and precipitated by treatment 
under pressure with ammonia and carbonic acid, or with 
ammonium carbonate direct. The resulting white precipitate. 
ia a basic carbonate of lead, which, after washing free from 
ammonium nitrate, ia dried. 

(a) Carhonafi'- of Lead J)y Ehdrolyais. — The application 
of electricity in the manufacture of white lead is a ne* 
departure, and finds considerable favour in the United States. 
In this country, it is believed that the pigment produced is 
not free from that crystalline chaiacter which is fatal tosl^ 
lead compounds, in their attempts to supersede Dutch whit^ 
lead. 

In describing the Brown electrolytic process, Mr. B. F-l 
Williams eays it consists of — 

(1) The electrical preparation of nitric a 
soda ; 



c process, Mr. B. "■ I 
>ric acid ajid cantf^ 



CHAPTER X. 



Lead Poisoning. 



Op all the lead compounds used as white pigments, lead 
sulphate is the only one which is non-poisonous in its action 
on the system. This property is due to the insolubility of 
the pigment in the gastric juices of the stomach, and con- 
sequently it passes away into the bowels without change. 
On the other hand, all the carbonates, whether made by the 
precipitation or the Dutch process, are rendered soluble by 
such action, and consequently, in this soluble form, pass into 
the blood. Hence the evil effects to the workpeople engaged 
lu this class of work, although the Home Office has done 
uiuch to mitigate the dangers of the work by enforcing 
stringent regulations in the conducting of white - lead 
factories. 

White lead in the form of a fine dust is taken into the 
system, partly through the lungs, and partly by absorption 
through the skin, which in time produces what is termed, 
chronic lead poisoning. One of the earliest indications of 
the trouble is seen in the blue line on the gum, and this is 
generally accompanied by great constipation. Then follows 
acute pains in the pit of the stomach, and the skin becomes 
clammy with cold perspiration. The sufferers may recover 
^^Dapletely, or may be affected, says Dr. Eabagliati, by the 
^^coiid form of chronic poisoning known as lead palsy. In 
®^iUe instances it terminates in a species of apoplexy, which 
^^naes on with giddiness, extreme weakness, and torpor. As 
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these increase, the pains in tlie ahdomen subside, and \h< 
piitient at length dies, convulsed and comatose. 

In the treatment of mild eases, Epsom salts dissolved ii 
a little water and flavoui'ed with liquorice, forms a goo 
antidote, tlie sulphuric aeid forming with the lead an inso 
ntile sulphate of lead, which pasBes into the liowela and 
thus I'emoved. In chi'onic eases, potassium iodide is a' 
ministered three or four times a day, tlie action hy tt 
treatment being the formation of a yellow insoluble iodide 
lead. 

The regulations controlling white -lead factorieH a 
applicable both to employers and employed. In the fii 
place, the former are required — 

(1) To provide respirators, overall suits, and btiaJ-covf 
ings for their workpeople, and to see, through th* 
managers or foremen, that they are delivered to and worn 1 
aich person engaged ; 

(2) To provide bath accommodation with hot and co 
water, soap, brushes, and a daily supply of clean towels t( 
both male and female workers : 

(3) To provide dressing-rooms, dining-rooms, and cloak 
rooms ; 

(4) To allow ten minutes before each meal-tiine and a 
the close of the day's work, for changing of clothes aw 
washing ; 

(5) To provide for the weekly visit of a doctor, and t' 
keep a register of all employed, and when examined by tli 
doctor ; 

(6) To see that no female is employed without a medicii 
certificate ; 

(7) To report auy case of illness from lead poisoning t 
H.M. Inspector for the district and the certifying surgeon ; 

(S) To supply certain sanitary drinks for the use of th 
workpeople ; 
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(9) To see that every stack is fitted with stand-pipe or 
movable hose provided with a very fine rose, so that a 
supply of water can be distributed ; 

(10) To see that each department of the factory is well 
ventilated, so that any lead-dust can be carried away. 

As regards the workpeople, the regulations require — 
(1) That each person, before commencing work, sees that 
he has served out to him, respirators, overalls, and head- 
coverings whenever required, either in the *' blue " or " white " 



(2) That each man or woman, before going home or to 
meals, must put off their overalls, etc., and deliver them to 
an attendant; 

(3) That each man or woman brush off every particle of 
lead from their clothes, thoroughly wash, and see that no 
^U8t remains under the finger-nails ; 

(4) To regularly take the sanitary drinks provided. 



CHAPTER XL 

Lead Substitutes. 

Stkictly speaking, only those pigments containing lead as 
a basis may be rightly considered as genuine substitutes 
for Dutch white lead. Many substitutes have, however, 
been proposed and used with more or less success which 
contain no carbonate of lead, and others again in which the 
value of the lead pigment is lowered by the addition of 
native or precipitated sulphates or carbonates of barium, 
strontium, lime, magnesia, etc. 

Under this heading, then, will be described — 

(1) Substitutes of which lead forms the basis. 

(2) Substitutes used as pigments, but containing no lead. 

(3) Substitutes in which the value of the lead compound 

present is lowered by the addition of native or precipitated 

sulphates or carbonates of barium, strontium, lime, magnesia, 

etc. 

1. Substitutes of which Lead forms the Basis. 

In the form of a spongy, transparent, globular powder, 
or in a crystalline condition, are found the particles of all 
lead pigments. On this difference, which is dependent 
on the mode of manufacture, depends the permanence and 
covering power of the pigment. 

A white lead made by the old Dutch process is of the 
globular variety, and is found, when ground with linseed 
oil, to absorb more of the oil than the white lead, having a 
crystalline texture, and practice has shown that it has 
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fume ; tlie Bteam, escaping condensation, being driven through 
the interstices of the (ire-clay slabs, to the sides of the 
condenser, whence it escapes at the end' through the chimney. 
A continuous fall of lead sulphate thus takes place to the 
bottom of the condenser, from which it is removed by the 
pump. 

The product thus produced contains, in addition to sul- 
phate of lead, the oxides of lead, zinc, and iron. To convert 




thd oxide of lead into insoluble sulphate, and the oxidei 
<il' zinc and iron into soluble sulphates, the lead pulp ii 
rorci'ii into a large washing apparatus (Fig. 31). This is ar" 
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ron tank resting on brickwork, through which is seen the 
revelled cog-wheels which drive the agitator C. The motive 
»ower is supplied by the engine E. The tank is covered 
^ith the wooden dome I, having a manhole and an outlet at 
he top for the escape of steam. To gain access to the 
aanhole, the tank is provided with a passage G, which is 
•cached by the ladder F. Inside, the lower part of the tank 
s bevelled to allow the lead sulphate to be more effectually 
ivashed, and the whole is covered with lead sheets burnt 
together and hammered flat to the circle of the tank. Inside 
filso is fixed the wooden supports, which carry the perforated 
lead steam coils B. The charge in the condenser is pumped 
Ln 80 that the coils are well covered, and the necessary 
quantity of sulphuric acid then added. On setting in 
lotion the agitator, the contents, aided by the steam blown 
^> are soon brought into a state of commotion, and to a 
^Daperature of 80° C. This is continued for three hours, 
'^d results in the conversion of the oxide to sulphate of 
Sad, with the formation of soluble sulphates of zinc and 

To free the lead pulp from these foreign bodies and the 
^idity consequent on an excess of acid used, the contents 
^i*e allowed to settle, and the supernatant liquor run off from 
^ valve. A fresh supply of water is then added, and the 
Pulp again well agitated ; on settling, the clear liquor, as 
*^^fore, is run off. This is repeated until the wash water is 
^^ee from acidity and the salts of zinc and iron. The pulp 
^^ now pumped from the washer, passing through a lead pipe 
^^ large presses, whence it is freed from a large portion of 
^'he water, the cakes inside the filtering chambers retaining 
^uly about 1 per cent. 

On removing the plates (see Fig. 32, showing a filter plate 
^ith the corrugations and perforated plate covering them), 
^nich are mounted on deep rectangular bars, the cakes fall 
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on to a travelling band whicli carries them to the drying 
room, where they are dried in shallow earthen dishes, arranged 




Fig. 32.— Filt«r-Press. * 

on racks, the heat being supplied by flues running the length 
of the room. The finished product is sent out in the dried 
state or ground with linseed oil. 

Two hundred and forty parts of pure galena yield three 
hundred and four parts of sulphate of lead, the pigment 
produced being non-poisonous and but slowly affected by 
sulphuretted hydrogen. 

The Pilcher Lead Company (says the Sdentifie American, 
1896) obtain lead sulphate as a bye-product in the smelting 
of non-ai^entiferous lead ore. It is made in two colours — 
(1) white, used for all colours incident to the use of ordinary 
white lead; and (2) blue, which is a preferable colour when 
used as a pigment for iron, or as a material in the manu- 
facture of rubber. The ore is first smelted with raw coal 
and slaked lime in a special furnace, using an air blast to 
obtain the required heat ; the hotter the fire, the more lead is 
volatilised, and the more fume produced. 

The products of this smelting are " pig " lead, pasty slags 
containing more or less lead, zinc, and other constituents of 
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the ore, and the Eurae. The latter is drawn olf by an 
exhaust fan, through a settling chamber to a bag house, 
which contains a large number of woollen bags, for filtering 
the fume out of the gases. This fume is a lead -coloured, 
impalpable powder, known as " Blue I'owder." It is re- 
moved, ignited, aud allowed to burn for several hours, which 
converts it into white .coherent crusts. These crusts, with 
some oxidised ores and hearth slags, are next charged into 
a special furnace with a very hot coke fire. The products of 
this smelting are " pig " lead, slags poor enough iu lead to be 
thrown away, and the fume, which is perfectly white and in 
a fine state of subdivision, suitable for a white pigment, and 
is sold as such, or ground in oil. 

Made in this manner, it is claimed that the ground pig- 
ment does not crack or peel when applied to metallic sur- 
faces, has good covering power, and is unaffected by 
ammonia or sulphur fumes. 

{d) Sulphite of Zowi.— This pigment has but a very 
limited use as a lead substitute. It' is a white, insoluble 
powder, which when heated gives ort' sulphurous acid, and 
leaves a mixture of sulphate and sulphide of lead. The 
pigment is prepared by double decomposition, or by passing 
sulphurous acid into a neutral acetate of lead. 

2. Substitutes used as Pij/mcnts, hut containiiig no Lead. 

(a) Bamc Nitrate of Bisiindh. — This product has been 
used under the name of " Pearl White." It is prepared (1) 
by heating nitrate of bismuth for some time to 80° C, or 
(2) by decomposing the acid solution of the nitrate with 
water, the basic nitrate being precipitated as a white 
powder. 

(6) Sulphate ofStronHam. — Under the name of " Strontiau 
White" this substitute is known. It in produced by pre- 
cipitating a soluJ" jtrontium salt with aujpliurie acid. The 
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precipitate formed is a white powder, but very slightly 
soluble in either hot or cold water. 

(c) Oxide and Carbonate of Magnesia. — Both are known 
as " Magnesia White." The oxide is produced as a white 
amorphous powder when the metal is burnt in air, or when 
the carbonate is ignited. It is tasteless and inodourless, and 
but very slightly soluble in water. The carbonate, also found 
native as magnesite, is prepared by precipitating a soluble 
magnesium salt with sodium carbonate. 

(d) Tungstate of Barium. — This product, known as 
" Tungsten White," is obtained by dissolving sodium tungstate 
in water, and precipitating from the solution, as a white powder, 
the tungstate of barium by the addition of barium chloride. 

(e) Hydrate of Cadmium. — Under the name of " Cad- 
mium White " this compound has been used. It is prepared 
by adding potash to a sulphite or chloride of cadmium. 

(/) Antimonious Oxide. — This oxide, under the name of 
" White Antimony," has been put forth as a pigment. Arti- 
ficially it is produced by heating trisulphide of antimony 
with strong hydrochloric acid, and pouring the resulting 
solution into a boiling solution of sodium carbonate, the 
antimonious oxide being precipitated as a white powder. 

{g) Oxide of Zinc. — See " Salts of Zinc," page 166. 

(A) Silicate of Zinc. — ,. „ page 166. 

(i) Sulphide of Zinx:. — „ „ page 164. 

{j) Oxide of Zinc and Barium Sulphate. — The mixture of 
these two bodies forms the pigment known as " Charlton 
White." 

{k) Barium Sulphate. — See "White Minerals used as 
Pigments," page 176. 

{I) Carbonate of Lime. — See " White Minerals used as 
Pigments." 

(m) Silicate of Alumina (China Clay). — See "White 
Minerals used as Pigments," page 178. 
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3. Substitutes in which the value of the Lead Compound present 
is lowered by the addition of Oxide of Zinc or of Native 
or Precipitated Sulphates or Carbonates of Barium^ 
Strontium^ Lime, Magnesia, etc. 

(a) Venice white is composed of equal parts of barium 
sulphate (barytes) and white lead. 

(b) Dutch white contains three parts of barium sulphate 
to one part white lead. 

(c) Hannay's white is a mixture of oxide of zinc and 
chloro-sulphite of lead. 

(d) Freeman's white is a mixture of sulphate of lead 
with zinc oxide and a small proportion of barytes. 

(e) Marine white is composed of 75 per cent, of sulphate 
of lead and 25 per cent, of barytes. Many mixtures of 
mineral whites, zinc oxide and sulphide, and lead pigments, 
exist. They are made up to suit the requirements of each 
manufacturer. 



CHAPTER XII. 

Zinc and its Compounds. 

OccHnrncc. — Zinc and its compounds have a wide industrial 
appliciitiou. The metal is rarely found in the native state, 
but in a combined form with sulphur and carbonic acid, as 
blonde and cixlamine. Other combinations of zinc with 
silica exist as willemite, an anhydrous silicate of zinc 
(2ZnO . SiOo), found near Aix-la-Chapelle, and as Smith- 
sonito, a hydrous silicate (2ZnO . Si02+ HgO), occurring in 
tibrous forms in Carinthia. Zinc also is found in union 
with oxygon, as zincite or red zinc ore, the mineral being- 
found in New Jersey, mixed with a little oxide of 
manganese. 

For metallurgical purposes, blende and calamine are the 
minerals chietly used in extracting the metal. They are 
found in the carboniferous and magnesian limestones in 
Kngland, Franco, Spiiin, and other countries. Blende is 
gonorallv assooiated with galena, iron and copper pyrites and 
heavy si>ar, the mineral orystallizing in rhombic dodecahedrons, 
having a highly oonehoidal fracture and an adamantine 
lustro. It. is found either transparent or translucent, with 
a specitio gravity of 4. Calamine occurs in concretionary 
forms and oomimot. masses of a yellowish - white colour 
when pmv, but generally tinged with brown, from the pres- 
ence of oxide of iron. It crystallizes in the fonn of 
rhombohedm, and has a spoeitie gmvity of 4*4. The foUow- 
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ing analyses are representative of the composition of the 
two minerals : — 





Blei 


[ide. 




1 
Calamine. 




(2) 


(3) 


(4) 


Zinc . 


o5-43 


50-24 


Zinc oxide . 


54-18 


57-19 


; Lead . 


4-85 


3-79 


Ferric oxide 


8-92 


3-60 


Iron . 


279 


3-18 


Alumina 


2-84 


1-08 


Alumina . 


1-93 


4-84 


Lime . 


5-11 


279 


Sulphur 


3277 


30-04 


Magnesia . 


2-29 


4-38 


Silica 


2-01 


5-22 


Carbonic acid 


25-42 


29-25 


Lime . 


• ■ • 

9978 


2-65 


Silica . 


1-10 


1-63 


99-96 


99-86 


99-92 



Properties of the Metal. — Zinc is a bluish-white metal of 
considerable lustre when newly polished. It melts at 412° C. 
^nd boils at 1040° C, giving off a vapour which ignites in 
contact with air, forming zinc oxide. In vacuo, according to 
-Dernarcay, the boiling-point of the metal is lowered con- 
siderably. The specific gravity varies from 6*86 to 7*21, 
9.ccording to the density, which is increased by hammering. 
Zinc has a specific heat of 0*094 and a tensile strength of 
''54 tons per sq. inch. At 210° C. the metal becomes so 
"kittle, that it is easily reduced to powder, the particles of 
^hich may be made to unite in a concrete mass, by the 
application of a pressure of 38 tons per sq. inch. Under 
similar conditions, the particles of lead require, for uniting, 
^ pressure of 13 tons. 

Zinc is but little affected by the atmosphere ; the thin 
film of oxide first produced on exposure, does not increase, but 
lorms a coating which protects the metal from any chemical 
action with atmospheric gases or moisture. 

The metal is readily soluble in acids, forming zinc salts 
^ith evolution of hydrogen, thus — 

Zn 4- H2SO4 = ZnSO^ 4- Hg. 
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It is also soluble ia alkaline solutions, forming a soluble 
' compound of zinc and the alkali, and giving oflF hydn^ 
gas. 

To prepare a chemically pure zinc from spelter, the latter 
is dissolved in sulphuric acid, and the impurities precipitated 
by sulphuretted hydrogen. After filtering oflf the insoluble 
sulphides, the filtrate is boiled to expel any remaining gas, 
the zinc being then precipitated as a white carbonate, by 
means of a solution of carbonate of soda. After washing the 
precipitate, and re-dissolving it in sulphuric acid, the metal 
is obtained by electrolysis; or the carbonate, after drying, 
may be converted by ignition into zinc oxide, which is 
further reduced to the metal, by distillation with pure 
charcoal. 

In commerce, zinc is known as spelter, the commercial 
article being always contaminated with small proportions of 
lead, iron, copper, and tin. Iron gives a certain hardness to 
the metal, but does not aflfect its tenacity; on the other 
hand, the presence of even a half per cent, of lead lowers 
the retentive property considerably. Copper and arseoic 
render the metal brittle, and thus more difficult to roll into 
sheets. Zinc, from its lightness and durability, is used largely 
for roofing purposes, and in the lining of vessels, tubing, etc 

As a coating for iron sheets, it is used extensively in the 
" galvanising " process. 

Alloys. — Zinc unites with certain metals forming alloys 
having a great value in the arts, and foremost among these 
may be placed the compound of zinc and copper, known as 
brass. In blending these two metals together, some of the 
most interesting shades of colour are produced, ranging from 
a reddish-yellow down to a shade approaching the colour of 
zinc. The former is seen in alloys containing over 80 per 
cent, of copper, and the latter when the percentage of that 
metal is less than 25. The percentage of zinc in ordinary 
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brass castings varies from 27 to 34, according to the purposes 
for which they are used. For brass wire about 29 J per cent, 
is used, the metals being alloyed with a little tin and lead. 

The following analysis may be taken as a type of the 
composition of brass wire : — 



Zinc 
Copper 
Tin . 
Lead 



29-26 

70-28 

0-20 

0-26 

Too-oo 



In preparing the alloy for castings or wire, the copper is 
first melted in large plumbago crucibles, placed in a furnace, 
and the zinc then added gradually, in pieces, until the whole 
18 melted and alloyed. After removing the crucible from 
the fire, and skimming the surface to remove the dross, 
the contents are poured into moulds for subsequent use. 
■^or small castings, requiring no great strength, scrap brass 

• 

^^ generally melted with a little copper and zinc, to form the 
^Uoy. With higher proportions of zinc, copper alloys itself, 
'orming the well-known Muntz metal. Delta metal, Sterro 
^etal, and Aich metal. The two latter are very strong and 
elastic alloys, with a breaking strain of 85,080 lb. per sq. inch. 
-*^hey are very malleable at a red-heat, and can be hammered, 
^^Ued or drawn into wire ; they have been used in the manu- 
facture of English and foreign ordnance. Delta metal is very 
Malleable and is used for a variety of purposes, while Muntz 
^etal forms an excellent sheathing for wooden ships. 

The following analyses represent their composition(Eoberts- 

A.U8ten) : — 

m 100 PARTS. 



^«ntz metal 
^elta metal 
Sterro metal 
^ich metal 



Zinc. 



40-00 
43-47 
41-80 
38-12 



Copper. 



60-00 
55-10 
55-33 
60-00 



Iron. 



1-08 
4-66 
1-50 



Lead. 



0-3; 



Phosphorus. 



0-10 



10 
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zinc, is removed for further treatment, and the recharging 
with ore and flux commenced. The direct yield of metal 
from a charge worked by the Belgian process averages 57 to 
5 9 per cent, of the metal in the roasted ore, and each ton 
yielded requires a coal consumption of about oj tons. 

The crude metal, which on removal from the nozzles 
solidifies, requires to be remelted, the zinc and other metallic 
oxides skimmed off from the surface, and then cast into 
cakes or ingots, before being brought into commerce. 

JSilesian Process. — By this process a charge of ore and 
flux is better worked, and leaves a slag containing less zinc 
than that removed from the Belgian furnaces, owing to the 
flat-bottomed arrangement of the muffles used, which enables 
them to be supported from end to end, and thus able to with- 
stand a higher temperature without collapsing — a result 
^hich yields a better distillation. 

The ores used are either blende or calamine, and are 
thoroughly roasted or calcined in a reverberatory furnace for 




Fig. 36. — Silesian Furnace. Section. 



twenty-four hours before smelting. In Fig. 36 a section is 
shown of the Silesian furnace. It is built of good fire-bricks, 
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ii form near]y square, the sides being well clamped 
with rods. Generally, twenty-four muffles are arranged in each 
furnace, forming two rows of twelve muffles each, A A, which 
rest on brick platforms BB, slightly sloping from the centre, 
the whole being heated by a central tire-plaoe C, running two- 
thirds of the furnace length. The muttles are moulded from 
good lire -clay, and then carefully annealed before using. 
They are D shaped, with a length of 3 ft, a width of 10 
in., and a height of 16 in. In working, the muffles are 
arranged in pairs, each pair being partly enclosed in a 
rectangular and arched compartment D D, formed of bricks 
and tilea, and their closed ends are placed nearest the fire. 
The main flueg E E run under the bed of the fnrnace, and to 
wiiich they are connected by suitable openings in the brick- 
work. After circulating round and thus heating the sides 
and top of each muffle, the spent gases by their downward 
passage also heat the under part, and thus a more complete 
distillation is effected than if the gases were carried off from 
the roof of each compartment. For condensing the zinc 
vapours, the muffles are provided with curved fire-clay tubes 
F F, having movable plates G G, and to which are attached 
cast-iron tubes for conveying the products of distillation, i^ 
the form of metallic zinc or any zinc oxide, mechanically 
carried over, to the chambers H H, below the furnace level' 
The residual matter in the mufHes is raked through tb* 
openings 1 1, and the charging is carried on by removing th* 
plates GG-. In working, the front of each compartment *" 
closed by a sheet-iron door J J, provided with an opening f"' 
observing ttie temperature of the furnace. 

A charge for each muflle runs about 95 lb., and consist^ 
of two-thirds calcined ore and ainc skimmings mixed witl' 
one-third finely powdered bituminous coal, and the working 
off of the charge is similar to that of the Belgian furnace. 

By either of the above processes, the direct yield of . th^ 
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iced in each retort, through the nozzle, by means of i 
3op, and in a short time the blue flame of carbonic oxide ii 
3u burning from the mouth. On this changing after i 




Fio. 34.— Belgian Zinc Furnace. 



'line to greenish-white — an indication that zinc vapours are 
listilliog over — the sheet-iron tubes (C C) are affixed, and the 
I'otillatioQ allowed to proceed for two hours. At the expira- 
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Fry f English [>atent, 18U8) prefere b> coorcxt Uw 
of the zinc id the residues into oxide, as a, mrae 
wsy of treatment. For this pnrpoee tiiey are mixed wiA 10 
U) 20 per cent, powdered coal, and then charged into t 
Stemena regenerative gaa furoace, the hearth or botfaw 
twing crimpoeed of a neutral or basic material capable rf 
withstanding the action of basic slag. The gas and air port* 
of the furnace, and also the valves, regenerators, floes, etc, 
are of a apeciall)' large she, in order to prevent choking, and 
to deal with the increased volume of fumes, over and above 
that from the combustton of the gases produced from the coal 
Tiwjil for heating purposes, The charge is melted down at a 
tem]jerature of 2000" to 2500" F. ( = 1093" to 1371° C), the 
bulk of the zinc being eliminated during the melting i>eriod, 
pasBing off in the form of white oxide, and condensed in large 
ehambers. After the charge has become molten, it is well 
stirred, to promote the separation of the last portions of zinc, 
the end being seen in the cessation of the dense fumes of 
zinc oxide. The condensed oxide can either he used as a 
pigment, or may be reduced to metallic zinc. 

The costly and complicated methods of zinc extraction 
have been an inducement to metallurgists to devise a more 
economiciil process, whereby the direct yield of the metal 
may be increased, with a reduction in the heavy outlay for 
Iftbour and fuel. Their labours have been mainly centred in 
the application of the blast furnace for the treatment of zinc 
ores ; but the results have not up to the present been a 
commercial success. The difficulty in using the blast furnace 
is due to the presence of carbonic acid in the gases of com- 
bustion, which, coming into contact with the volatilised zinc 
vapours, reproduces the zinc oxide, passing as such into the 
condensers, thus — 

Zu + CO. = ZnO + CO : 
and so powerful is this action, that, according to the researches 
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of Lencauchez, the presence of even a half per cent, of carbonic 
acid in the products of combustion would be sufficient to 
oxidise the metal. 

If it were possible to burn the fuel in the blast furnace 
into carbonate oxide, by withholding a portion of the oxygen 
in the blast, or it it were feasible, by any other means, to 
provide an atmosphere of this gas in the furnace, the 
problem would be solved, for carbonic oxide has no action on 
zinc vapours at a high temperature, which consequently 
would pass over unoxidised. 

Steger (English patent, 1888) considers that this end 
can be attained by heating the blast up to 1200° C, when 
only a trace of carbonic acid is formed with the carbonic , 
oxide. He recommends the blast furnace to be horizontal 
instead of vertical, the charge of ore and fuel being made 
from a hopper above, and the whole brought to a full red 
heat by a blast heated to 1200° C. Eeduction then ensues 
in an atmosphere of carbonic oxide, the metallic vapours 
being unaflfected. 

Walsh (English patent, 1889) converts the carbonic acid 
in the combustion gases into carbonic oxide, by passing them 
over carbon heated in a separate chamber to a temperature of 
1400° to 1500° F. ( = 760° to 815° C), and the zinc vapours, 
being unchanged by the latter gas, pass over into a condenser 
built of two parallel and horizontal pipes, joined together by 
vertical tubes, the condenser being kept at a temperature a 
little above the melting-point of zinc. 

Clere (English patent, 1889) again uses a cold mixture 
of the roasted ore and charcoal, impinging on the mixture a 
blast having a temperature nearly equal to the melting-point 
of iron. This action volatilises the zinc in an atmosphere of 
carbonic oxide, the vapours of the metal condensing as a fine 
dust. 

The complex sulphide ores of the Broken Hill type, are 



treated by Swinburne and Aahcroft (English patent, 1899)b)' 
heating in a converter a mixture of crushed ore and fused 
zinc chloride, in the form of a cream. At the bottom of the 
converter ie connected a pipe, through which chloiine gas \s 
driven into the niasB, the gas being rapidly absorbed by the 
metalB, with evolution of aulphuroua acid. The temperature 
is now raised so as to volatilise the formed zinc chloride, 
which is condensed and treated for the metal. 

Ellershausen (English patent, 1900) first subjecta the 
raw ore to a metallurgical treatment, and afterwards sepa- 
rates the zinc electrolytically from a solution of the fume. 
He smelts the ore in a blast furnace, using lime as a floi, 
the fume and gases emitted therefrom being forced by a fan 
under a layer of water in a condenser. The sulphurous add 
acting with the water dissolves out the zinc oxide, and from 
this solution the metal is recovered by electrolysis. 



Wet Methods of Zinc 

GiTeat attention has been paid by metallurgists to p»- 
fitably using a wet method (either by precipitation or elec- 
trolysis) for treating zinc ores, and more especially that cla» 
known as mixed sulphides, containing 10 to 20 per cent, of 
the metal, along with varying proportions of copper, iron, and 
lead sulphides, whose treatment constitute one of the moat 
intricate problems connected with the metallui^y of zinc. 

By Preoipitation. — At Leadville, U.S.A., the precipitatnon 
method is carried out on complex ores, by roasting them to 
sulphates, and, after lixiviation with boiling water to dissolve 
out the soluble salts, the filtered solution is treated with lime 
to precipitate the zinc as oxide, which is subsequently dried 
and then distilled with powdered coal to recover the metal. 

Maxwell Lyte (English patent, 1887), after calcining the 
ore, treats it with hot dilute hydrochloric acid, which tottttf 
chlorides with all the metals present. On cooling, the 
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chloride crystallizes out, leaving a supernatant liquor contain- 
ing the soluble chlorides of iron, copper, and zinc ; the first is 
separated by treating the solution with limestone, which 
precipitates the iron as carbonate ; on filtering and adding 
scrap iron, the copper salt is reduced to the metal, which 
deposits itself on the iron, while the zinc is removed as 
oxide, on treating the solution further with calcium hydrate. 
On drying and mixing the zinc oxide with carbonaceous 
matter, the metal is obtained by distillation. 

It has been proposed to treat zinc ores by means of poly- 
sulphates of the alkalies. Finding that sulphuric acid is the 
active reagent in this action, Abel (English patent, 1899) 
treats the ore direct with the acid. The crushed ore is 
placed in a pan heated from below, and which is arranged in 
connection with a muffle furnace. On adding the acid, the 
sulphur is converted into sulphurous acid, which passes ofif 
together with the muffle gases. The mass remains in the 
pan until it has assumed a pasty condition, whereupon it is 
pushed over into the muffle, spread out, and then allowed to 
remain with frequent stirring until the development of gas 
ceases. The melt is now lixiviated with water, which dissolves 
out the soluble zinc sulphate along with other soluble 
sulphates, and, from the clear solution, the zinc is precipitated 
as oxide. In the gangue, the whole of the lead is found as 
sulphate, and is treated metallurgically, for recovery of the 
metal. 

Davis Brothers, in their treatment of zinc ores, more 
especially those of the type of mixed sulphides, propose the 
"use of nitric acid as a solvent (English patent, 1900). The 
operation is carried on in stone or earthenware vessels, 
provision being made for charging, and discharging and for 
heating and agitating, the contents of each vessel. On 
heating, the crushed ore is rapidly attacked by the nitric 
acid, which dissolves most of the metallic constituents as 
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nitnitea, leaving an undissolved residue of silica, sulphur, and 
lead Hulpliate. Any gold and silver are also found in the 
residue, and, to ensure the complete precipitation of the 
latter, a small quantity of hydrochloric acid is added during 
the solution of the ore. The contents from each vessel 
are now discharged, and the solid residue separated and 
washed. In the solution a portion of the lead exists as 
nitrate, along with the nitrates of zinc and iron, and to it is 
added oxide of zinc, which precipitates the iron as hydrate, 
and other impurities, behaving in the same manner towards 
oxide of zinc. After separation of the iron precipitate, the 
solution is treated with a further quantity of oxide of zinc, 
and, while still warm, carbonic acid is blown through it. 
This affects the separation of the lead as carbonate, and the 
added zinc oxide goes into solution, which is now practically 
a solution of nitrate of zinc. After concentration to a 
specific gravity of 1'5, the hquor is run into a suitable 
furnace, and heated to dryness, the zinc nitrate being con- 
verted to zinc oxide, which remains behind. The gaseous 
products drawn away, are collected for oxidation and recovery 
of the nitric acid, to be used again. In the solid residue 
resulting from the treatment o£ the ore, are found the lead, 
silver, and gold, and is specially treated for the recovery of 
these metals. 

By Electrolysis. — With the advent of less costly ap- 
pliances and the discovery of a cheaper source of electrical 
power, the commercial development of the many efforts made 
to profitably extract zinc from its solution, by electrolysis, 
will be assured. Before applying the electrical force, the 
zinc in the ore requires to be brought to a form by which it 
becomes soluble in water, and, for this purpose, Cassel and 
Kjelliu roasted a Swedish blende to produce a maximum 
yield of zinc sulphate, which, being soluble, was washed out 
of the roasted mass. 



A 
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The electrolysing vessel used for the decomposition of 
the zinc salt has a porous partition ; and around an iron 
anode, is placed a solution of iron sulphate, while the solution 
of the zinc salt surrounds the cathode. On passing the 
current through, metallic zinc is deposited from the latter 
solution, while its equivalent quantity of sulphuric acid is 
separated at the iron anode and dissolves it to sulphate. 
The electromotric force of decomposition, under the circum- 
stances, is the difference between that required to decompose 
the zinc sulphate, and that of the iron sulphate, or about 
Jrd of a volt, thus allowing for the separation of the zinc 
without decomposing the water of the solution. 

Heinzerling (English patent, 1898) roasts the zinc ores 
completely to oxide, which is dissolved in a concentrated 
solution of magnesium chloride.. This solution is then elec- 
trolysed, the zinc separating out, while the dissolving agent 
can be used over again. For decomposition a current of 200 
amperes per square metre is used, the solution during the 
passage being kept at a low temperature. 

Cowper-Coles (English patent, 1898) in his process of 

treating mixed sulphides, first crushes the ore and then 

sieves it through a fine mesh ; it is then roasted so as to 

convert the sulphides present, into sulphates and oxides. 

The roasted mass is afterwards placed in a reciprocating or 

revolving screen, the fine dust being withdrawn by the 

exhaust of a centrifugal fan, directly into the leaching vat, 

containing a weak solution of sulphuric acid (1 oz. sulphuric 

acid to 1 gallon water), which dissolves out the metal or metals 

as sulphates. The remainder in the screen is placed in a 

second leaching vat, having a false bottom covered with 

filtering cloth, and treated with a weak solution of the acid, 

which combines with the zinc and copper to form sulphates. 

The clear solution is drawn off from beneath the vat, and 

added to that from the leaching of the dust from the screen, 
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the whole lieing paaaed through a body or bed of iron and 
carbon, on which the copper ia deposited in the metallic 
state, and may be recovered as a fine powder, by washing. 
After the zinc sulphate solution is freed from the copper, 
it is then passed through the electrolysing cells, through 
which the electrolyte is circulated. In these cells are 
vertically revolving cast-iron discs, serving as cathodes ; 
lead plates being employed for the anodes. The iron discs 
are slowly rotated, and are provided with fillets of wood, 
which can be detached to allow of the removal of the 
deposited zinc in the form of segments, when the metal has 
attained the highest degree of thickness. The current 
density employed varies from 15 to 20 amperes; a con- 
venient voltage at the terminals of the electric generator 
being from 100 to 150 volts, the voltage at the terminals 
of the cells varying from 1 to 2 volts. 

The lead remaining in tlie residue is leached out by 
means of a solution of caustic soda, and from tlie clear 
solution the metal can be recovered by precipitation. After 
the caustic soda solution has been used a number of times 
for leaching out the lead, it becomes partly converted into 
silicate ; on adding lime, however, to the solution, caustic soda 
is again formed. 

The silver and gold present in the residue after removal 
of the lead are extracted by a weak solution of potassium 
cyanide, and further treated for the recovery of the precious 
metals. 

Professor Richards (1S95), experimenting on a method of 
refining very impure spelter, says that a metal of unexcep- 
tional purity can be obtained by dissolving the impure 
spelter in a bath of sulphuric acid, and using an electrical 
current of 100 amperes per square metre at 1'3 volts 
tension, keeping the solution well agitated by suitable 
mechanical means. He prevents the accumulation of iron in 
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the solution by blowing air through it continually, which 
oxidises and precipitates the iron as basic sulphate, which 
can be separated by filtration. 

Flue Dtist 

In the roasting of sulphide ores, a considerable accumu- 
lation of fine dust consisting of sulphides and sulphates of 
zinc, lead, silver, etc., and, on removal, it is generally mixed 
with a charge of roasted ore and smelted. 

Threlfall (English patent, 1898) treats the dust with a 

solution of acid sodium sulphate, which dissolves, out the 

zinc as sulphate, leaving the lead and silver unaffected. 

From the solution, the metal is recovered by precipitation, as 

oxide, and then reduction with carbonaceous matter in a 

retort or muffle, or by electrolysis, while the residue can be 

treated by a dry or wet method to obtain the lead and 

silver. 

Sheet Zinc. 

Since the discovery that zinc, when heated from 100° C. to 
130° C, loses its brittleness, and becomes malleable, and thus 
capable of being rolled into sheets, a great impetus has been 
given to its use in roofing, guttering, and for cisterns, baths, 
and other purposes, owing to its lightness and durability 
when exposed to air and moisture. For although sheets of 
zinc so exposed, quickly absorb oxygen and carbonic acid, the 
film of oxide and carbonate so produced, acts like an anti- 
corrosive paint, in preventing any further corrosion of the 
metal beneath. 

In preparing the spelter for rolling, it is necessary to 
bring down the lead present to not more than a half per cent. : 
for this purpose, the ingots are melted on the hearth of a 
reverberatory furnace, and the lead separated by liquation. 
The molten zinc is cast into ingots, which are subsequently 
heated by the waste gases of the reverberatory furnace to a 
II 
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temperature not above 130° 0., and are then passed through a I 

rolling mill to tlie thinness required. On cooling, the rolled I 

sheet retains its malleability. At a temperature of 200°C. I 

the met-al becomes so brittle, that it may be reduced to a I 

fine powder by pounding in a mortar, and in this form has 1 

been used as a metallic paint for protecting iron. The zinc | 
pigment known as "grey oxide" is practically the metal in a 
very fine state of division. 

Sails of Zinc. 

In addition to the native sulphide and carbonate, us^^ 
nietallurgically, the metal unites with other elements formii^g 
the chloride (ZnCla), selenide (ZnSe), telluride {Z'oT^), 
cyanide (Zn(CN)2), bromide (ZnBrj), oxide (ZnO), 8ulph6fc.te 
(ZnSO,), silicate (Zn^SiOj), and chromate (ZnCrOJ. 

Zinc also forms, artificially, a white sulphide, by precipltn- 
tioii with an alkaline sulphide, and double salts in conjunct! en 
with cobaltic, nitrate or chloride and ammonium chloride. 

Of these compounds, only the double salts, chromate, 
sulphate, chloride, artificial sulphide, silicate, and oxide, have 
any practical use in the arts. 

Zinc-colKiltic Protoxide. — This compound is known as a 
green pigment, under the uamea of zinc greeu and Rinmano's 
gi'een. It is prepared by precipitating a eolation of cobalti*^ 
chloride, containing 10 per cent, of the salt, with sodiuic 
phosphate, well washing the precipitate formed, and then 
mixing it with about three times its weight of zinc white (ZnO)' , 

After drying in a stove, the mixture is calcined. 

Wagner gives the composition of a zinc green, made i*^ 
this manner, as follows :— 

Zinc oxide 71-G8 

Phosphoric oxide 8-29 A 

Cobaltic protoxide ..... 18-93 1 
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Another method, but less satisfactory, is by precipitating 
a mixture of zinc sulphate and cobaltic nitrate, with sodium 
carbonate, and, after well washing, the green precipitate formed 
is calcined. The green pigment prepared in this way, is 
known as Einmann's green. 

Ammonio-chloride of Zinc, — This double salt is formed 
by dissolving sixty-eight parts of zinc chloride and fifty-four 
parts of ammonium chloride in water, and then evaporating 
to the crystallizing point. Owing to its power of dissolving 
oxides of copper and iron, it is used largely in " tinning " or 
" zincing " these metals. 

Zinc Chromate, — Known as zinc yellow or buttercup 
yellow, this compound forms a beautiful and stable yellow 
pigment. It is produced by dissolving zinc sulphate in hot 
water, and then adding a solution of potassium chromate. 
The yellow precipitate when washed and dried has the 
following composition, according to Wagner : — 

Chromic oxide . . . . . .14*94 

Zinc oxide . . . . . . .75*35 

Carbonic acid . . . . .3*61 

Water 6-19 



100-09 



Zinc Sulphate, — The " white vitriol " of commerce is a 
sulphate of zinc, having the composition, when pure, of — 

Zinc sulphate ...... 56*09 

Water of crystallization . . . .43*91 



100*00 



On the large scale, it is made by roasting zinc blende 

completely to zinc sulphate, in a reverberatory furnace, and 

tVien lixiviating the mass in water to dissolve out the soluble 

sa.lt. After filtration, the liquor is evaporated down, when 
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the salt crystallizes out in the form of rhombic prisms. Zinc 
sulphate is used not only in dyeing and calico-printing, but 
also in the manufacture of varnishes and drying oila for 
painting. 

Zinc C/Uoride. — In the anhydrous state, this compound is 
' a greyish wax-lite substance, to which the name of " butter 
of zinc " was given by. Hellot, who prepared it by distilling 
nine oxide with ammonium chloride. Pott also, obtained the 
same body, by distilling zinc with corrosive sublimate, and 
Persoz, by heating dehydrated zinc sulphate, with calcium 
chloride, thus — 

ZiiSO, -i- CaCU = ZnCIj + CuSO,. 

For commercial purposes, it is made by dissolving scrap 
zinc in hydrochloric acid, in large stone or wooden cisterns, 
provided with a steam coil. On heating to 50" C, the zinc is 
rapidly dissolved, and then a small quantity of bleaching 
powder added to precipitate the iron present, and the lirtuor 
is then allowed to settle. 

The clear zinc chloride solution, after syphoning off, i^ 
boiled down in enamelled iron pots, a little potassiuxr"*- 
chlorate being added to oxidise any organic matter, and al^*^ 
some pure hydrochloric acid to dissolve any basic salt fornie<3-. 
On solidifying, it is packed, while still warm, in iron drnac»-« 
for the market. 

A solution of zinc chloride is a "powerful disinfectant a**- ^ 
deodourant. For preserving timber. Sir William Burn^*'' 
patented its use, in the proportion of 1 lb. of salt to 5 galloi:*^ 
of water. It is also well known as an agent for weightii* S 
cotton goods. When zinc chloride solution of 1'7 specif^*' 
gravity is mixed with excess of zinc oxide, a very dural>I* 
pigment, known as zinc oxychloride, ZnClj . 3ZnO . 4Hg*— '' 
ifl formed, which is unaffected by sulphuretted hydrog^" 
gas. 

AHiJiKial ZtTic Sulphide. — This product, known *■* 
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lithophone, is a white pigment, produced by adding sodium 
sulphide to a solution of zinc sulphate or chloride, thus — 

(1) ZnS04 + Na^S = ZnS + Na2S04. 

(2) ZnClg + NagS = ZnS + 2NaCl. 
On washing out the soluble soda salts, the precipitate 

remains as a white amorphous powder, soluble in dilute 
mineral acids, but insoluble in acetic acid. 
The composition is as follows : — 

Zinc ' 67-01 

Sulphur 32-99 

100-00 

On a large scale, it is prepared by taking sodium sulphate 

or salt cake, and mixing it with half its weight of bituminous 

coal, the mixture being fluxed in the ordinary black ash 

furnace, till yellow fumes are developed. The resulting cakes 

of black sodium sulphide are porous, and easily lixiviated in 

tanks provided with steam pipes, and heated to about 200" F., 

so as to get a strength of 25° Twaddell. On settling, the clear 

liquor, which consists principally of sodium sulphide mixed with 

some sodium bisulphide and carbonate, but free from iron, is 

treated with a solution of zinc sulphate or chloride, until 

hydrated zinc sulphide, mixed with some free sulphur, is 

pi'ecipitated, and towards the end of the operation a small 

pi*oportion of zinc carbonate also falls down. The precipitate 

^s thoroughly washed, dried, and then ignited in gas retorts 

^^ muffles, till the bluish-yellow flame due to the sulphur 

iisappears, when the product is withdrawn into water, 

forming a white powder, which, on drying, forms the pigment 

of commerce. Zinc sulphide is a very white compound, but 

possesses little covering power. It is used alone, or some- 

^inaes with zinc oxide. The patent "zinc white" of 

(irifi&th's, is a zinc sulphide, formed by precipitating the 

sulphide from the sulphate, by means of a soluble sulphide, 
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then washing, drying, and calcining the whita precipitate, 
after which it is levigated, ground, and dried for packing, or 
mixed with oil. Zinc sulphide also enters into the compoaition 
of the well-known brands " Charlton white " and " Dureacci," 
the two being a mixture of zinc sulphide with barium and 
atrontium sulphates. 

ZiTic Silicate. — Thia compound of zinc is used as a 
pigment in conjunction with the oxide and sulphide. It is a 
very white product, but has no body. On a large scale, it is 
prepared by dissolving water-glass in hot water, and addii^ 
a solution of zinc sulphate. The precipitate is then washed 
and dried. 

ZiTic Ox-ide. — Zinc, when heated to a temperature slightly 
above its melting-point, burns with a hluiah-white flame, 




Fir,. 37.— Osi.lising Furnace, 
forming a dense white smoke, which, on condensation, yields 
a white amorphous powder, known aa " ilowers of zinc " ; this 
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-ij oxide is decomposed by carbon, carbonic oxide, or hydrogen, 
with the formation of metallic zinc, thus — 

(1) 2ZnO + C =2Zn + C02. 

(2) ZnO + CO=: Zn + COg. 

(3) ZnO + Hg = Zn + HgO. 
Zinc oxide is readily soluble in mineral acids, and with 

boracic acid it forms a readily fusible compound. It is the 
most important pigment of the zinc compounds, and is 
prepared on a large scale by burning zinc to a vapour, which, 
on coming in contact with a current of air, is oxidised to 
a white powder. The oxidising furnace is a brick structure, 
lined internally with fire-bricks and well tied together with 
tie-rods. Fig. 37 is an elevation, A representing the charging 




Fig. 38.— Blower. 



door, B an upper sliding door, and C the chimney for carrying 
ofif the zinc oxide vapours. At the back of the furnace are 



168 LEAD AND ITS COMPOUNDS 

placed the tuyeres for supplying the blast to the furnace. On 
the charge melting and then volatilising, white vapours of 
zinc oxide rapidly form, and are drawn through the chimney 
to a main pipe some 3 ft. in diameter, which is connected 
at one end with a powerful blower (Fig. 38). From thence 
they are forced through a second pipe of similar diameter to 
a lofty chamber called the bag-room ; the pipe being carried 
the length of the building and suspended from the rafters. 
Some 4 ft. apart, and connected by nipples to the pipe, a 
number of muslin bags, 30 ft. long and 1 ft. wide, are sus- 
pended (A, Fig. 39); these, again, are connected with a large 
' bag (B) running horizontally the length of the building, 
and underneath this are fixed a number of " teats " or bags 
(C) for collecting the white oxide. At the end of each 
charge, of which there are six daily, the blower is stopped, 
and the bags, previously blown out with the pressure, 
collapse, and are then well shaken, causing the zinc oxide 
tp settle down into the " teats," which are removed, emptied 
of their contents, and then made ready for the next charge. 
The white pigment is now passed through revolving sieves 
of a very fine mesh, to remove any gritty matter, and then 
packed for the market. 

As described above, the manufacture of zinc oxide requires 
the reduction of the ore to the metal in the first instance, and 
then the reoxidation of the metal to zinc oxide, before the 
white pigment is obtained. In carrying out these processes, 
the erection of a costly plant, along with a subsequent heavy 
outlay in coal, labour, and repairs, is necessary to accom- 
plish the work. 

Many attempts have been made to simplify the procedure 
by dispensing entirely with the reduction to the metal, and 
obtaining the pigment direct from the ore, but hitherto with 
little success, owing to the want of brillian^'^ * 
produced. 
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Fig. 39. — Bag- room. Section. 
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Mr. George Darlington, who has devoted much time to 
the production of a good white by the direct process, says 
that a marketable zinc oxide can he made by burning the ore 
in a furnace, couatructed similar to the ordinary coke oven, 
the crown being semicir&ular and bvult of 9 in. brickwork. 
The bed of the furnace is slightly rectangular, and compriBes 
the bed proper, along with a fire-place, the two occupying an 
area of 30 sq. ft. The bed proper is a grate of perforated 
iron bars or plates lying over a closed ashpit, in which the 
air is forced by a fan-blast. In the crown, there is an 
opening through which the zine oxide, as well as the products 
of combustion from the fuel used in the furnace, are conveyed 
away into the cooling flues, and from thence pass into the 
bag-collecting rooms. The furnace ia provided with only one 
door, 2 ft. long and 18 in. high, which serves for charging 
both the fuel and the ore. 

For the production of a white pigment direct from the 
ore,Eigg (English patent, 1898) roasts the ore completely to 
oxide; the roasted mass ia leached with a solution of am- 
monium carbonate, or a mixture of ammonium carbonate ana- 
ammonium hydrate, which dissolves out the zinc. Afte*^ 
allowing the insoluble matter to subside, the clear liquor t^ 
treated with a small proportion of hydrated oxide of tiE»-i 
which precipitates any iron present ; on filtering, any coppe^iK 
present in the filtrate, is removed by deposition on ziB-*' 
plates placed in the liquor. On removal of the capper, tlB ^ 
liquor is treated to a current of carbonic acid, which precipi' 
tatea the zinc as carbonate, and from this the pure oxide i-^ 
obtained by heating the precipitate. 

Zinc white, also called Chinese white, is much inferior f 
Dutch wliite lead, as regards body and covering power; tl»* 
balance in favour of the latter is as 11 to 7, or, as painted"* 
express it, three coats of white lead are equal to five coats zii** 
white. It saponifies with liuseed oil, forming a true soap 
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zinc, but this compound has a tendency to wash off from 
exposed surfaces, covered with it. When used, however, in 
conjunction with white lead, it is found eminently useful, 
from its superior whiteness and delicacy, for all inside work. 
For this purpose, the ground is laid on with white lead, and 
the surface is then produced in zinc white, which yields a 
richness and beauty one cannot fail to admire. 

The drying qualities of zinc oxide vary according to the 
care in its manufacture, but even the best grades show an 
inferiority when compared with white lead. This deficiency 
is due to the excessive fineness and crystalline character of 
its particles. 

When zinc oxide is prepared at a low temperature, its 

crystalline texture undergoes a partial change, and it 

is then found that the drying qualities of the pigment 

iave increased ; on the other hand, when produced at a 

temperature considerably higher than the boiling-point of 

rfnc, the crystalline nature is developed, and consequently 

toe drying power of the pigment diminishes. Zinc oxide 

fitxters into the composition of all mixed paints, and, 

^tien ground with double its weight of red lead in linseed 

oi-1, it forms an effective anti-corrosive and anti-fouling 

Pa-int. 

In the production of the pigment, 85 per cent, of the 
P'^oduce is used directly in the manufacture of paints, and y 
ttie remaining 15 per cent, in the floor-cloth, wall-paper, 
Tfvx\>ber, earthenware, etc., industries. 

The following " mixings " show the proportion of zinc 
oxide used in some paints : — 

No. 1 Mixing. 

250 lb. corroded lead (Dutch white lead), 
170 „ zinc oxide, 
14^ gallons linseed oil. 



1,EAD AND ITS OOMPOtTNDS 



No. 2 Mixing. 
60 IK lead sulphate, 
60 „ zinc oxide, 
380 „ barytes, 
16 callous liuseed oil. 



No. 3 Mixing. 

100 lb. corroded lead (Duteh white leud), 
300 „ lead sulphate, 
100 „ zinc oxide, 
14 galloiLs linseed oil. 

When ground alone, zinc oxide requires 22 per cent by 
weight of oil, 

Aa a, siccative for zinc white, linseed oil boiled with 
litharge would not be suitable, owing to the latter blackening 
in presence of sulphuretted hydrogen, I'or this reason, other 
substances ate used, as borate, acetate, and sulphate "^ 
manganese, sulphate of zinc, etc. 

The following are some siccatives in use :— 

(1) Mix together 10 parts each of acetate of manganeae. 
sulphate of manganeae, and sulphate of zinc, with 14| parts 
zinc white. In using, add 2 to 3 per cent, of the siccative f* 
the zinc white oil paint. 

(2) Sirel'a siccative is made by intimately mixioB 
manganese subchloride with 19 pec cent, of zinc white o' 
Ijarium sulphate, 2 per cent, of this naixture being added t" 
the zinc white paint. 

Zinc oxide is used in prepariug the composition known ^^ 
white ink, used for writing on dark-coloured paper, tl''* 
ink being made by saturating' zinc white with water ao** 
adding mucilage of acacia to thicken tlie mixture. Befor* 
using, the ink requires to be shaken, as the pigment partially 
settles to the bottom on standing. 
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Zinc oxide is also used in the preparation of some anti- 
f ouling and anti-corrosive compositions, as seen in the following 
recipes : — 

1. Anti'fouling Composition. 

Zinc oxide .... 112 lb. 
Zinc sulphide . . .28 
Barytas . . . .28 
Boiled linseed oil foots . 4 

Naphtha . . . .120 
Rosin ..... 128 
Gum ..... 10 
Calomel . . . .47 

A and B are varnishes ; 

A being a mixture of naphtha and rosin, 

B „ „ with gum. 

In working, the whole ingredients are mixed together, 

and then passed through the stones. 



}-}.. 



2. Anti-corrosive Composition ^ 

The same ingredients as above, excepting the use of 
calomel. 

From a sanitary standpoint, the use of zinc oxide as a 
paint is to be commended. It is, unlike white lead, non- 
poisonous, and, when taken internally, even in considerable 
doses, produces no greater inconvenience than an irritation 
of the throat and nostrils, and, after a time, a slight soreness 
in the joints. 



CHAPTER XIII. 

PL'MICE-StONE CmNA-CLAT. 

All painters know the value of good pumice-stone; s 
description, therefore, of its occurrence and method of pre- 
jiaration for the market will not be inappropriate. Pumice, 
chemically, is a silicate of alumina, potash, and soda, with 
minor proportions of lime and oxide of iron. The followiDg 
analysis represents the composition of a good sample : — 



Silica 


. 73-70 


Ahunina ..... 


. 12-27 


J'otash 


. 4-73 


Soda 


4-52 


Ferric oxide .... 


2-31 


Jjiiie, water, etc. .... 


. 2-47 



100-00 



I'uniice is a lava, rendered light and scoriaceous by the 
escape of gases, and is found principally in the island of 
Lipari, Italy. Most of the volcanoes of Lipari have ejected 
puniaceous rocks at some period or other, but the best stone, 
according to Mr. N. Douglass, in his Eeport to the Foreign 
Office, is the product of Monte Chirica, with its accessory 
craters, Monte Pelato and Forgia Vecchia, situated in the 
north-west of the island. These deposits (Mr. Douglass says) 
cover an area of 3 square miles, and in some instances 
have a thickness of 5 yards, the pumice being excavated 
by means of tunnels or galleries dug into the layers of 
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volcanic ashes that have gradually covered the atone, which 
ia brought to the surface in large blocks or in baskets, and 
thence sent to the town of Lipari, where it is stored by the 
merchants in sheds to get thoroughly dry, which not only 
reduces the weight, but also enables an estimate to be made 
of the quality. The blocks, weighing 15 lb. and upwards, 
are separated, and allowed to crumble into so-called " lesconi," 
and then all is sorted according to its size into (1) lai^e 
(grosse), (2) medium (correnti), and (3) small (pezzame). 
The quality is primarily a matter of texture. As pumice 
ia used foi' polishing purposes, an essential condition ia 
homogeneity of structure and freedom from included crystals ; 
the stone must not be too brittle or too hard, and it is in 
these respects that the Lipari pumice surpasses that of other 
volcanic regions. 

After it has been divided according to its size, the large 
stones, known as "grosse," are again sorted into three 
superior qualities, called (1) flore, (2) quasi-flore, and 
(3) mordenti. These are never filed. After they have been 
selected, the remainder of the " grosse " are filed by hand in 
order to remove asperities of surface and to see whether the 
stone is not too friable for use. They are then re-classed 
into firsts, seconds, and thirds, and designated respectively, 
" bianche," " dubbrose," and " nere." 

In the first classification of the stone, the medium or 
" correnti " quality of stone is exported without further 
sorting, while the small or "pezzame" quality is usually 
ground to a powder of more than ten different degrees of 
fineness, according to the work for which it is required. 

i these, there is an entirely difl'erent variety called 
drina," which is cut with hatchets into brick-shaped 
and used for smoothing oilcloth, and also a dark 
heavy stone, which is trimmed and known aa " bastardone." 

The annual production is about 18,000 tons, and the 
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workmen employed being about a thousand in number, of 
whom six hundred are miners. In the factories of Lipari, 
over three hundred workpeople, a large proportion being 
females, are engaged in sorting and cleaning for the market, 
the raw pumice-atone from the mines. The price ranges from 
£2 to £12 per ton, but very fine qualities will bring from 
£(iO to £70 per ton. 
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White Minerals used as Fu/vients- 
For cheapness solely, certain minerals, more or less 
white colour, such as barytes, china-clay, prepared English 
chalk in the form of whiting, and Paris white, silica, and 
ground marble, are largely used, in a finely divided condition, 
in the mixings of the paint manufacturer. They possess no 
covering power when ground with oil, and do not add any 
durability to the paint produced. 

Barnes. — This product, known also as permanent white 
and heavy spar, is chemically a sulphate of barium. It is 
found in a crystalline form in the cracks and fissures of the 
lead-bearing rocks of Derbyshire, Flintshire, Cumberland, 
and Yorkshire in England, and in Germany, Belgium, Spain, 
and other countries. The raw material when rained ia 
found frequently stained with oxide of iron, and thus requires 
to be bleached before drying and grinding for the market, 
For this purpose, the barytes is crushed to a coarse powder, 
and treated with dilute sulphuric acid in lead-lined vats, the 
contents being brought to the boil by steam passing through 
an inside perforated eoil. The acid dissolves out the whole 
of the oxide of iron, leaving a white barytes, which, after 
washing, is removed to the drying floors, to lie dried pre* 
paratory to grinding. 

When the mineral is free from any discolouring oxide, 
the bleaching process is omitted, the barytes being siiuplj 
I and picked to remove any rock, and then dried on 
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a tiled floor, heated by flues underneath (see " China-Clay "). 
The dried product is then crushed to a coarse powder by 
rollers, and thence carried by an endless band to a double 
set of millstones, the final passage through, yielding a 
powder of great fineness, and ready for the market. Having 
little opacity, barytes cannot be used by itself, but only when 
mixed with white lead, and, when added to the latter, it must 
be regarded as an adulteration. Several mixtures of barytes 
and white lead are manufactured and known in commerce 
as — 

Venice White . { ] P^* ^"-'l^' , 

{ 1 part white lead. 

Hamburg White . { J parts barytes 

[ 1 part zmc white. 

Dutch White . I 3 parts barytes 

{ 1 part white lead. 

Barytes is also employed iq the manufacture of jasper- 
ware, and for the formation of white figures, etc., on coloured 
jars and vessels. 

China-Clay. — ^Washed china-clay or kaolin is used as a 
cheapfilling in the fabrication of many white and coloured paints. 

Chemically, it is a hydrated silicate of alumina with small 
proportions of lime, magnesia, and alkaline bases. 

The qualities inseparable from a good china-clay are 
whiteness and freedom from grit and dirt, which are obtained 
by a careful process of levigation from the raw deposits 
found in deep-seated fissures, extending in some cases to over 
100 yards wide, and from i to J mile in length, in Devon 
and ComwalL 

These deposits were formerly granite which has undergone 
decomposition by atmospheric and chemical changes, yielding 
quartz, mica, and kaolin, and it is the latter, after being freed 
from the extraneous quartz, mica, and any undecomposed 
felspar that is used as a pigment. 

12 
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The sei>aratiou is effected (CollinB, The Heiiabarrow 
Gmnite District, Truro, 187i)) by washing dowu the soft rock 
with a curient of water into lai^e pits, where the coarse quartz 
settles, leaving the clayey water carrying the kaolin mixed 
with fine particles of sand and mica, which ia tbence run by 
means of trougha into a second series of pits to deposit these 
matters, and finally the creamy stream flows to large stone- 
lined tanks, where the kaohn settles aa a thick mud. On 
running off the clear water, the kaolm is washed two or 
three times to improve the colour, and is then removed to 
the drying known as a Cornish " dry." 

In Fig. 40 a plan ia shown of the " dry " and settling 
tanks. A A represent the settling tanks which receive tlie 




kaolin after beuig freed from quartz, mica, sand, etc. ; <m 
settling and washing, it is conveyed by the tramways D D to 
the floor of the drying shed C C, imtil it forms a layer 9 
in. thick at the fire end and 6 in. at the stack end. 
The floor of the drying shed is made of large fire-clay tiles 
which cover a number of flues, 14 in. in width, and 
connected with the fire-place B, The tiles are 5 to 6 in. 
in thickness over the flues where the heat is greatest, and 
their thickness is reduced to 2^ in. at the other end of 
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the building. The clay at the fire end is dried within 
twenty-four hours, while that deposited at the stack end, 
where the heat is well spent, requires two to three days. 
When dried, the clay is stored in the sheds E E E E. 

Chalk or Whiting. — It is prepared from a soft earthy 
variety of limestone, and is chemically a carbonate of lime 
mixed with a small proportion of alumina, magnesia, and 
silica. 

By crushing and elutriation, it is obtained as a soft white 
powder. 

The Vienna white used by artists is a form of purified 
chalk. 

Marble, — ^White marble used for statuary purposes, and 
ground to a very fine powder, is used in the manufacture of 
cheap paints. 

It is quarried on the south-west slope of the Apuan 
Alps, Italy, and is mainly composed of carbonate of lime. 



CHAPTER XIV. 

Deying Oils and SiccAiivKa. 

DryiTtg Oils. 

Fat or fixed oils form the more importanb of the two great 
classes in which all naturiil oils are divided. In the pme 
state they are colourless or tinted a very pale yellow; 
commercially, they are found with shades varying from 
yellow to dark brown. The smell and baste vary with their 
degree of purity, and generally indicate the nature of their 
origin. 

All the fat or fixed oils are insoluble in water, but are 
readQy dissolved by petroleum, turpentine, and many of the 
volatile oils, ether, carbon disulphide, benzine, etc. On 
exposure to air, they have au attraction for and iindergo a 
change ; through the absorption of oxygen, some become 
rancid and sour, while others thicken and dry up to yellowish 
transparent resins. The former are termed non-drying oils, 
while the latter are known as drying oils, and are used as 
vehicles for pigments in painting. 

AH drying oils are of vegetable origin, and yield a more 
or less proportion of linoleie acid when saponified; the greater 
the quantity of this acid formed, the more rapidly the oil dries. 

Various methods of extracting the oil from the seeds are 
in use, such as— (1) Dissolving out by petroleum spirit, 
benzine, or carbon disulphide; (2) crusliing between the 
plates of a powerful press; or (3) by simply boiling the 
crushed seeds with water and skimming off the oil. 
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The oils yielded by these processes are crude and low in 
colour, and require for many purposes refining. This may 
be partially done by — (1) Mechanically washing with water, 
(2) filtration through animal charcoal, or (3) by prolonged 
exposure to the air, with frequent agitation. 

The most efficient method, however, is by treatment with 
dilute sulphuric acid. For this purpose the oil is heated to 
50° C. in a lead-lined vat provided with a steam coil, and, 
for every 300 gallons oil treated, 6 lb. of strong sulphuric 
acid, diluted with an equal weight of water, are well stirred 
in. The impurities are charred by the acid, and on settling 
to the bottom leave a clear supernatant oil, which requires 
to be further washed with water to remove all traces of the 
acid used. 

The drying properties of the fat or fixed oils are greatly 
increased by boiling them alone, or with black oxide of 
manganese, litharge, sulphate of zinc, etc. ; the product being 
then known as " boiled oil," and from its highly siccative 
power can be used without the after addition of " dryers." 

The following are classed as drying oils : — 

(a) Linseed Oil — This oil is the most important of all 
the drying oils, and is extracted from the seeds of the Linum 
usitatissimum. 

The following analyses by way represent the composition 
of linseed : — 



, 


Nitrogen. 


Fat. 


Ash. 


Water. 


Riga 


Per Cent. 
3-60 


Per Cent. 
34-70 


Per Cent. 
5-25 


Per Cent. 
9-45 


Memel .... 


3-33 


36-00 


3-56 


8-74 


The Black Sea . . . 


3*31 


38-42 


5-64 


10-22 



In the expression, 24 to 26 per cent, of oil is extracted 
from the seeds, which contain 34 to 38 per cent, of oil; the 
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residual cake is largely used for cattle feeding, and retains 
from 10 to 12 pet cent, of oil. 

On the choice of seed depends the quality of tliii oil 
produced : a green unripe seed yields a thick tiubid oil, bitter 
to the taste, and smella rancid ; while the product from ripe 
seed appears limpid and pale, has little sniell, and is sweet to 
the taste. 

Pure linseed oil is nearly colourless, and has a density of 
■930 at 15° C, which is lowered to -881 at 100" C. The 
solidifying point is from — 20° to — 27° C. Chemically, it is 
composed of the glycerides of linolenie and iaolinolenic aeida 
with stearine. 

When the oil is extracted in the cold, it is known ae 
" cold drawn oil," and is lighter in colour and purer in body 
than when expressed by the aid of steam heat to the plates 
of the press, owing to the lesser quantity ot stearine extracted 
with the oil. 

For the mannfactme of paints, the oil is either used in 
the " raw " state, or is boiled, and thence known as " boiled 

According to Fox, the chemical changes resulting from 
the boiling of linseed oil are the formation of highly oxidised 
bodies by the decomposition of the glycerides of the oil, while 
the glycerine splits up into acids of the acrylic series, whose 
vapours give that irritating smell which always accompanies 
oil boiling. 

The boiling of linseed oil is carried out in copper cylin- 
drical pans, either steam -jacketed or set over a furnace ; the 
former, for safety, being the more preferable. 

The raw oil having been run in to within 6 to V in. 
of the top, the heat, whether steam or open fire, is gradually 
applied until a temperature of 120° C. is reached ; allow the 
gradual increase of heat to be spread over two hours, then 
bring the whole to a gentle " simmer," and keep at this for 
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four hours. During the "simmering" remove any scum 
appearing on the surface with a copper ladle, and add the 
black oxide of manganese, litharge, or sulphate of zinc, to be 
used, with frequent stirring. Continue the gentle boiling 
until a skin forms on the surface of the oil, then withdraw 
the heat, cover up and allow to settle for twenty-four hours, 
when the whole of the mucilage formed will have settled to 
the bottom. Ladle out the oil into a storage lead-lined vat, 
cover up, and allow it to stand until the oil becomes clear 
and transparent. 

A better method of using the above " drying " agents is 
to weigh out the required quantity and tie it up in a bag, 
which is suspended in the copper pan. By this means the 
bag and its contents can be used for a second boiling, after 
being well washed with water. 

The following are the proportions of " drying " agents 
used : — 

(1) Dark Boiled Oil, — 1 gallon linseed oil ; J lb. powdered 

litharge. 

(2) Pale Boiled Oil. — 1 gallon linseed oil ; J lb. sulphate 

of zinc. 

(3) Very pale Boiled Oil. — 1 gallon pale linseed oil ; 1 

lb. sulphate of zinc. 

(h) Rape-seed Oil. — The seeds of the winter-rape (Brassica 
napus) yield, by pressing, about 35 per cent, of a yellowish 
oil, known as rape oil. It has a specific gravity of '912 
at 15° C, and solidifies at —4" C. The oil has a peculiar 
odour, and by dry distillation at about 300° C. it is decom- 
posed, yielding the irritating vapours of acrolein along with 
gaseous hydrocarbons. It dries rapidly when exposed in thin 
layers. 

(c) Hemp-seed Oil. — This oil has a greenish-yellow colour, 
which on keeping becomes brown. It is expressed by 
hydraulic pressure, from the seeds of the common hemp 
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{Oannalns satim), which yieM about 30 pet cent, of oil, tlm 
residual cake being uBed to some extent for cattle feeding, 
The oil has a density of 'OSo at 1 5° C, and solidifies at — 16" 
to — 28° C. On treatment with sulphuric acid, the natural 
colour of the oil changes to intense green, and, with nitric 
acid, a greenish dirty brown. In presence of caustic soda 
solution, it forma a thick brownish-yellow liquid. It dries 
quickly. 

(d) Poppy-seed Oil. — By expression, this oil is obtained 
from the seeds of the black poppy (Papaver somniferum). It 
is straw-yellow in colour, limpid, aud odourless, and aoluble 
in 25 parts cold or 6 parts boiling alcohol, and has a density 
of ■925 at 15" C. On the addition of sulphuric or nitric 
acid, it turns a dirty white. When used as a drying oil, it 
is previously bleached by exposure to the sun in shallow 
vessels containing a layer of salt water. 

(e) Walnut Oil — Walnut oil is of a greenish -yellow 
colour, and is extracted from the ripe kernels of the Jv^Utm 
regia. It has an agreeable faint smell, with a nutty taste. 
At 15° C. the density is -925, and it solidifies at - 18° to 
— 28° C. The oil is but moderately soluble in alcohol, and is 
highly siccative. 

(/) Niger-seed Oil. — This oil is pressed from the seeds 
of the Guisotia regia. It is pale yellow in colour, sweet 
to the taste, and dries very rapidly on exposure in thin 
layers. The density is '920 at 15° C, and it solidifies 
at - 9° C. 

Oils extracted from the deadly nightshade {Atrop, 
helladonna), grape seed ( Vitus vinifera), gold of pleasure 
seed (Camdina saliva), weld seed {Reseda lufeola), tobaceo 
seed {Nieotiana toUicum'), a-nd. Scotch fir seed (Piniis si/lvestris), 
all possess high drying powers on exposure ; they are, 
however, but rarely iised in the grinding of pigments for 
painting. 
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Siccatives. 

Under the name of siccatives, certain chemical agents 
are added to ground pigments before using, in order to 
increase their drying and hardening properties. 

As they, to some extent, detract from the delicacy of the 
colours with which they are mixed, they should be avoided 
in the finishing coats of delicate colours. Again, they should 
not be employed with ground pigments that dry well, nor, 
when used, should an excess be mixed with the paint, as this 
retards the drying. Siccatives should only be added to the 
colour when about to be used. 

The following are the principal siccatives in use : — 

{a) Sulphate of Manganese. — This salt is prepared by 
TDurning black oxide of manganese mixed with about one-tenth 
of its weight of powdered coal in a gas retort. The man- 
ganous oxide formed, is raked out, and then treated in a lead- 
lined vat provided with a steam coil, with sulphuric acid. 
When completely dissolved, the liquor is run into shallow 
crystallizing vats. After crystallization, the crystals are 
removed and drained. 

It may also be prepared by dissolving manganous carbonate 
in dilute sulphuric acid, and crystallizing as before. 

The crystals of sulphate of manganese generally are 
tinted with a faint amethyst colour, due to the presence of 
slight quantities of a manganic salt. They are soluble in 
their own weight of water, moderately soluble only in weak 
alcohol, and completely insoluble in absolute alcohol. 

(&) Acetate of Manganese. — The acetate is prepared as a 
" dryer " by dissolving manganous oxide, prepared from the 
black oxide, in acetic acid, and then evaporating the resulting 
solution until the crystals begin to form on the surface ; the 
liquor is then run into crystallizers, from whence the crop of 
crystals formed, is removed and drained. The crystals have 
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ti pale rose-coloured tint, and are soluble in 3 parts cold 
water. 

((•) Bomlf i;/* Moiiiiiinraf. — When borax is added to a 
solution of sulphate of manganese, a dense crystalline 
precipitate of borate of manganese is formed, which ; 
washed on a filter, and then dried. 

{d) Oxuhtr of Manganese. — This salt is produced when a 
olntion of sulphate of manganese is treated with oxalic acid. 
The precipitated salt, after washing and drying, has a faint 
violet tint, and is moderately soluble in hot water. 

(e) Btjiizoate of Maiu/anese. — To prepare this salt, benzoic 
acid is dissolved in boiling water, and the solution carefully 
neutralised with manganous carbonate. When the effer- 
vescence has subsided, filter off any excess of the carbonate 
added, and evaporate the filtrate to dryness. The benzoate 
of manganese thus prepared, is an amorphous, hard, brownish 
material, which may be powdered and kept in the pulverised 
state in any climate. 

(/) Resinate of Manffancsi:. — Dissolve a resinate ol 
potash or soda in hot water, and to the solution add 
chloride of manganese. The precipitated resinate of man- 
ganese formed, is collected on a filter, washed, and then 
dried. 

((/) Bornie of Zinc. — On adding borax to a hot solution 
of sulphate of zinc, and then boiling for some time, a white 
borate of zinc is precipitated, which is collected on a filter, 
washed with hot water, and then dried, 

(A) Eesiiiate tf Cobalt. — This compound is prepared in the 
same way as resinate of manganese, but substituting chloride 
of cobalt in place of chloride of manganese. 

(i) Brsinatf of Ma/jnesia. — When a solution of resinate of 
potash or soda is treated with chloride or sulphate of magnesia, 
a gelatinous precipitate of resinate of magnesia is formed, 
whicli is rim on to a filter, washed with water, and then 
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dried. It is soluble in coal-tar naphtha, strong alcohol, and 
hot linseed oil. 

{j) Hippuric or Urdbenzoic Acid, — This product has been 
used with success as a " dryer." It can be made artificially 
by heating glycocine in a sealed tube with benzoic acid, also 
by heating the zinc salt of glycocine with chloride of benzoyl 
to 120° C. On the large scale, it is prepared from the urine 
of horses and cows by treating it with milk of lime, and 
supersaturating the hippurate of lime formed, with hydro- 
chloric acid. The crude brownish acid thus produced, is 
purified by further treatment with boiling water and milk of 
lime, and then finally saturated with hydrochloric acid. 
Hippuric acid forms colourless transparent prisms, which 
melt at a gentle heat, solidifying to a crystalline mass on 
cooling. It is sparingly soluble in cold water, but readily 
dissolves in boiling water and alcohol. 

Qc) Acetate of Lead (known as Sugar of Lead). — See 
"Salts of Lead," p. 32. 

{I) Litlmrge, — See " Oxide of Lead," p. 109. 

(m) Oxide of Zinc. — See " Oxide of Zinc," p. 166. 

{n) Sulphate of Zinc, — See " Salts of Zinc," p. 163. 

(o) Burnt Ahem, — The double salts of aluminic sulphate, 
with sodium, potassium, or ammonium sulphates, form what 
are technically known as alums. They crystallize in regular 
octahedrons, and contain 12 atoms of water, thus — 

Al . Na . (S04)2 1 2 HgO . (sodium alum). 
Al . K . (SOJg 1 2 HgO . (potassium alum). 
Al . NII4 . (SOJg 1 2 HgO . (ammonium alum). 

On heating to 200° C, the whole of the water of crystal- 
lization is expelled, leaving a powdery substance known as 
'* burnt alum," and in this form it is used as a dryer. 

(p) Borax, — Biborate of soda or borax is obtained in the 
anhydrous state by fusing 124 parts of boric acid with 53 
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CHAPTER XV. 
Oil of Tcrpbntine. 



Oil of turpentine belongs to that class of oila known as 
essential or volatile oils, and may be easily distinguished 
from a fatty or fixed oil, not only by the smell, but also bj 
allowing a drop of each to faU on a piece of white paper; 
with turpentine, the traaslucent spot-former disappears on 
exposure to air or alight heating, whereas the stain of the ftt 
oil remains permanent. Turpentine is composed of eatbon 
and hydrogen, has a peculiar odour, boils at 160° C, and on 
distillation it passes over unchanged, leaving practically so 
residue at 180"0. 

It does not mix with water, but is miscible with ether 
and alcohol, and dissolves readily the resins, camphors, and 
many hydrocarbons. The turpentines of commerce are 
mainly the American, extracted from the Pintis Aiisirdis, 
and the French, from the Pimis maritima. Both are similar 
in their constitution and properties. From the incisions 
made ui the trees, a thick resinous oil exudes, which ^ 
collected and then distilled in large copper stills, each 
having a capacity of 600 gallons, and provided with a donie 
or head to which is affixed the condenser pipe. They ai^ 
heated by an enclosed fire, or, preferably, as adopted iJj 
French distillers, by steam coils. To the stills are fir*'' 
added water, and then the crude oil, freed from bark, leav^Si 
and other foreign matter, is run in from the storage tanJs'i 
and the temperature is gradually raised to 160° C, and kef'' 
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abouL that point uBtil the finish. Meanwhile the oil and 
water coming over are condensed and run into receivers, the 
distiller testing the layer of oil from time to time. 

When the proportions, by volume, of the oil and water 
distilling over, are about the ratio of 1 to 9, the pro- 
cess is stopped, in order that the colour of the oil shall 
not be lowered by any volatile oi^anic matter. After 
Beparation of the water, the oil is pumped to storage tanks 
to settle. 

The yield averages 12 per cent, by weight of the crude 
oil. 

On completion of the distillation, the heat is withdrawn, 
and the air valves are opened, and the residual liquid matter 
in the still is run from a pipe and cock fixed near the 
bottom, passed through a strainer to remove any scum or 
dirt, and thence into barrels to solidify, forming the colo- 
phony or common resin of commerce. This product has an 
extensive use, and is of a dark brown colour when made 
from American crude oil; the pale amber variety is the 
residue of the French crude oil, and is known as " virgin 



Eeain is insoluble in water, but dissolves in solutions of 
the alkalies forming resin soaps, also in benzine, chloroform, 
and ether. 



Ik.'i- 



r Mofd>i Oil. 



Thi.f oil, used largely in the manufacture of j 
soaps, etc., ia the product from the dry distillation of resin. 

The operation is carried on in cast-iron stills of about 
5 tons capacity, encased with brickwork and heated by fires 
beneath. Each still is provided with a copper worm, con- 
nected at the upper end with the condenser pipe, and, at the 
lower, with the receiver, into which the products of distillation 
flow. 
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During the early stage of the operation^ uncondensabk 
hydrocarbons and carbonic acid gas are given oflF in consider- 
able quantities; between 90"" and 280** C, the distallate is 
collected apart, and is known as "rosin spirit/' being used 
principally as a substitute for turpentine and in varnish- 
making. It is refined by agitating with cauBtic soda, waah- 
ing, and then re-distilling the washed spirit. On changiDg 
the receivers the temperature in the still is gradually raised 
to 400° C, and between 300** and 400'' C. a mixture of heavy 
hydrocarbons with phenols and undecomposed resin, come 
over, yielding on condensation the crude oil known as resin 
or rosin oil. The residue in the still is pitch. A ton of 
resin yields about 7 gallons of spirit and 17 cwt. of heavy 
resin oil. 

Crude resin oil is strongly fluorescent ; the " bloom," 
however, can be removed by treatment with dinitronaphtha- 
line, or by washing with soda lye, then with water, and 
afterwards exposing the treated oil in shallow trays to the 
air. 

Pigments, 

Although some pigments are from animal and vegetable 
sources, it may be said generally, that they are of a mineral 
origin and are brought into commerce either in the native 
or manufactured state as sulphides, oxides, or metallic salts. 

When ground to a fine state of division with a suitable 
oil, they are known as paints, and in this form are capable 
of being spread over surfaces with a brush. The economical 
value of a pigment depends on its opacity and density; 
those existing in an opaque and amorphous form absorb more 
oil, and thus have greater " body " or " covering power " than 
those of a crystalline texture. From this difierence in their 
physical form, Dutch white lead owes its superiority over 
many pigments of a crystalline nature. 
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The permanence of a pigment is affected by several 
chemical changes. For instance, the pigments of lead, 
copper, bismuth, and partly those of mercury, darken by 
exposure to a polluted atmosphere, through the action of 
sulphuretted hydrogen present forming sulphides. On the 
other hand, the pigments of zinc and barium remain un- 
affected by the gas, and thus retain their whiteness. Some 
pigments are affected by the oxygen of the atmosphere, when 
exposed : some of the chromates, for instance, gradually turn 
green ; others, again, are acted upon by the " dryers " used, 
the chemical reaction altering the nature of the paint. 
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^^^^^^ 0las31F1CAT[0N of Mineral Pigments according t^^^ 




THEIR Colour. 1 




Whites. 1 


^H Ihtlch Whito Zenif.— Basic Carbonate of Lead, p. 112. J 


^H Hannay's WhUe 


Zea^.— Sulphate of Lead, p. 133. ^^1 


^H Pattison's White Lead.— OxjchloTide of Lead, p. 39.^^H 


^H SulpkUc Whitfi Zec(^.--Sulphite of Lead, p. 139. ^^| 


^H Pearl White. — Basio Nitrate of Bismuth, p. 139. ^^^ 


^H Strontian White.- 


—Sulphate of Strontium, p. 139. 


^H MoAjTmia White.- 


— Oxide and Carbonate of Magnesia, p. 


^M 




^H Tit'iignten White- 


— Tungstate of Barium, p. 140. 


Cadmium White. 


— ^Hydrate of Cadmium, p. 140. ^^m 


Antimony White. 


—Oxide of Antimony, p. 140. ^^H 


Mne White \ ^^ 


^^H 


Krems White Basic Carbonate of Lead. ^^^| 


Flake WJtite J 


H 


Venice White 
D-ideh White 
Hamburg White, 


Mixtures of White Lead and Sulphat^ 
of Barium, p. 141. 


Ba/ryta White 


1 ^ 


Permanent While 


\ Sulphate of Barium, p. 176. ^^1 


Blanc Piax 


■ 


famish White.— 


-Carbonate of Lime, p. 179. ^^^| 


Zinc White 1 , 
Chinese White] 


Dxide of Zine, p. 166. ^^H 

■ 




. . 1 
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Lithophone White. — Sulphide of Zinc, p. 165. 
Charlton White, — Mixture of Sulphide of Zinc with 
Sulphates of Barium and Strontium, p. 166. 
Griffith's White, — Sulphide of Zinc, p. 165. 
Derbyshire White. — Finely divided Chalk, p. 179. 

Yellows. 



Neutral Chromate of Lead. 



Chrome Yellow 

Paris Yellow 

This pigment is prepared by dissolving bichromate of 
potash in water, and adding to slight excess a solution of 
acetate of lead. The yellow precipitate formed, is washed 
by decantation, and then dried. 

Cologne Yellow. — Neutral Chromate of Lead, toned down 
by the addition of Sulphate of Barium (Barytes). 

The shade also may be produced by digesting 3 parts 
sulphate of lead with 1 part chromate of potash dissolved 
in water. The mixed precipitate of sulphate and chromate 
of lead is washed and dried. 

Zinc Yellow. — Neutral Chromate of Zinc, p. 163. 

Strontian Yellow, — Neutral Chromate of Strontium. 

It is made by adding to a solution of bichromate of 

potash excess of a solution of nitrate or chloride of strontium, 

and filtering, washing, and drying. 

Baryta Yellow) ^, i. o -n • 

^ > Chromate of Barmm. 

Lemon Yellow ) 

Prepared by mixing solutions of bichromate of potash 
and nitrate or chloride of barium together, the latter in 
slight excess, then washing and drying the precipitated 
chromate of barium. 

Bismuth Yellow. — Chromate of Bismuth. 

On adding bichromate of potash to an acid solution of 
nitrate of bismuth, a yellow flocculent precipitate of chromate 
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of biamuth is produced, which, on filtering, washing, and 
drying, yields the pigment. 

Gadmiitvi Yellow.- — Sulphide of Cadmium. 

This lemon-yellow iiigment is prepared by adding potas- 
sium or sodium sulphide to a solution of nitrate of cadmium. 
The precipitated sulphide is washed and dried. It is to 
some extent affected by light. 

Aureolin. — Double Nitrite of Cobalt and Fotassium. 

Cobalt yellow, as it is sometimes termed, is a pigment 

produced by adding nitrite of potash to a solution of chloride 

or nitrate of cobalt, and then iiltering, washing, and drying 

the yellow precipitate. 

Stone Yellow\ ... 

- , , I Alliaceous Earths containing hydrate 

Yellow Ochre) 

In the native state they are found of fine quality, and 
require simply washing before being brought into the 
market. On calcination they turn red. Artificially, a yellow 
ochre may be prepared from ferrous sulphate, by precipita- 
tion with an alkali, and exposing the precipitate foi-med, to 
the action of air. 

Naples Yellow,- — Oxides of Antimony and Lead. 

This pigment is formed by first calcining a mixture of 
3 parts metallic antimony, 1 part oxide of zinc, and 2 
parts red lead, then grinding the calcined mass to a powder 
and fusing in a closed crucible at a red heat for five hours. 
The fused mass on cooling is ground to a fine powder, 
washed and dried. 

King's Yellow. — Sulphide of Arsenic. 

It is fonnd in the native state, and is also prepared arti- 
ficially, by subliming a mixture of araenious acid with Bulphnr, 
or by precipitating a solution of arsenious acid with sul- 
phuretted hydrogen gas. 

Cassel Yellow. — Oxychloride of Lead, p. 40. 
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Chrome Orange, — Basic chromate of lead is the base of 
all chrome orange colours. They are produced when the 
acetate of lead used in the production of chrome yellow is 
of a basic nature, instead of being neutral Burnt sienna, 
prepared by calcining raw sienna, and burnt Eoman ochre 
calcined from Eoman ochre, are pigments of an orange shade. 

Greens, 

Chrome Green. — Hydrated Oxide of Chromium. 

This pigment is prepared by fusing, in a crucible, 
equivalent quantities of anhydrous boracic acid and bichro- 
mate of potash, and then treating the fused mass with hot 
water. The hydrated oxide is washed and finely triturated. 
The common quality of chrome green is a mixture of chrome 
yellow and Prussian blue. 

Brighton Green. — Acetate of Copper and Whiting. 

It is prepared by stirring whiting to a pasty consistency 
in a mixture of sulphate of copper and acetate of lead 
dissolved in water. The paste, after draining, is dried and 
ground to a powder. 

Manganese Green, — Oxides of Manganese and Barium. 

Mix intimately 2 parts hydrate of barium, 1 part nitrate 
of barium, and 1 part oxide of manganese, and fuse the 
mixture in a crucible heated to dull redness. Pour the 
fused mass on to a slab, and, when solid, crush to a powder, 
and boil well with water, filter and dry. 



Cobalt Green 
Einmann's Green 



Phosphates of Zinc and Cobalt, p. 
162. 

Vien7ia Ch'een. — Arsenite of Copper. 
This arsenical pigment is prepared by making a solution 
of 10 parts sulphate of copper and 1 part unslacked lime 
with acetic acid, and stirring in a boUing solution of 1 parts 
arsenious acid. The green precipitate is collected on a cloth 
filter, washed well, dried, and ground to fine powder. 
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Schr.de's Green. — Ai'senite of Copper. ^^H 

Formed by dissolving arsenioua acid in a eolutioii of 
potash, and then gradually adding a boiling solution ot 
sulphate of copper. FUter, wash well, and dry. 

Mineral Grern. — Carbonate of copper. 

It is found native as malachite ; artificially, it is pre- 
cipitated when a solution of carbonate of soda is added to a 
solution of copper sulphate. 

Brunswick Green. — Hydrate of Copper. 

This deep and rich green is formed when carbonate of 
ammonia is added to a mixed solution of equal parts of 
alum and copper sulphate. The precipitate is collected on a 
cloth filter, washed and dried. Various shades of green can 
be produced by altering the proportions of alum used. 

Blifcs. 
Ultramarine. — -Natural ultramarine is a deep blue pig- 
ment extracted from pure lapis-lazuli ; owing, however, to its 
costly extraction, but little of the natural product is used in 
the arts. Artificially, it exists as a compound of silicates of 
soda and alumina with sulphide of sodium, and is manu- 
factured in considerable quantities by grinding together 10 
parts pure kaolin, 9 parts soda ash, 1 1 parts sulphui', and 
2 parts charcoal. The ground mixture is heated to bright 
redness for twelve to sixteen hours in crucibles, or in a 
" mass " oven, nntil a sample withdrawn shows a greenish- 
bluG shade, which, on cooling, becomes a deep blue. Wlen 
the sample indicates that the mass is sufficiently burnt, tlie 
oven is hermetically closed, and allowed to cool for a week' 
On opening, the calcined mass is withdrawn, freed from anj 
brown parts due to overheating, crushed, and then washed m 
vats having jierforated false bottoms from any soluble im- 
purities. The washed ultramarine is dried on kilns, then siftc<l 
lliruugh a fine sieve, aud finally sorted according to shade. 
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Cobalt Blue 1 

Th iJ* w f I^J^osphate and Aluminate of Cobalt. 

The blue pigment known by the above names is prepared 

by heating to dull redness a mixture of 10 parts freshly 

precipitated and dried alumina and 1 part phosphate of 

cobalt. By artiflcial light, the shade appears violet. 

Cyanine Bhie\ 

J '. 1, nj [ Cobalt Blue mixed with Prussian Blue. 

Azicre Blue^ 

n . j,j r Artificial Ultramarine. 
I^aris Blue ) 

Prussian Blue. — Hydrated Ferric Ferrocyanide. 

Pure Prussian blue can only be obtained by treating a 
solution of ferrocyanide of potassium with ferric chloride or 
other ferric salt. The commercial pigment is prepared on 
the large scale by dissolving 100 parts of ferrocyanide of 
potassium (yellow prussiate) in water, and then adding a 
solution of 80 parts ferrous sulphate, at the ordinary tem- 
perature. The mixture is now diluted with an equal bulk 
of water, brought to the boil, and, on the addition of 30 
parts nitric acid (28° B.) and 15 parts strong sulphuric acid, 
the deep blue precipitate of Prussian blue is formed. The 
pigment is filtered through a cloth filter, and then dried. 
Prussian blue has a coppery lustre, is inodorous, tasteless, 
and non-poisonous, and possesses great body and covering 
power. 

Saxon Blue. — This pigment consists of a mixture of 
alumina with potassio-ferric ferx'ocyanide. It is an inferior 
blue, and is prepared by precipitating a solution of ferro- 
cyanide of potassium with 1 part ferrous sulphate and 3 
parts alum, dissolved in water. 

Beds. 

Nearly all the red pigments of a mineral character found 
in commerce, are derived by the calcination of (1) natural 
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earths or ochres, formed oi hydrate of iron combined with 
various proportions of clay, aud (2) of sulphate or oxide of 
iron. Mai-8 red, Indian red, light red, Venetian red, red 
ochre, are pigments derived from either of the two source. 

Vermillion Red. — Sulphide of Mercury. 

This pigment is the richest of all the red colours. It is 
permanent, and posaesses great boily and covering power. 
The fii'st stage of the manufactui'e consists of the formation 
of a crude sulphide of mercury by heating in an iron pan 
a mixture of 270 parts of mercury and 37^ parts gi'oimd 
Bulphur. On cooling, the mass is powdered, and then charged 
by portions into subliming pots made of refractory clay, and 
heated from below. After each charge, the vermillion sub- 
limes in the upper parts of the pot, and at the finish the pots 
are withdrawn, cooled, and the bright red vermillion extracted. 
It is ground in a mill, washed, and then dried. 

Vermillion is often adulterated with inferior red pigments, 
as chrome red, red ochre, and red lead. 

Vermillion Scarlet. — Iodide of Mercury. 

This brilliant shade is produced by adding iodide of potash 
to a soluble salt of mercury ; the precipitate is then washed 
and dried. 

Eed Lead. — Tetroxide of Lead, p. 117. 

Ohrome Red 

Persian Red 

This pigment can be produced by boiling neutral chromate 
of lead or chrome yellow with half its weight of lime oi 
caustic soda. ^^H 



Basic Chromate of Lead. 



wasiieu 

4 



Brown pigments of a mineral origin, are practica.Uy all ' 
derived from native ochres. Vandyck brown, Verona brown, 
Caledonian brown, and others, are all native ochres, raw or 
calcined. 
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Blacks, 

Bone black, ivory black, lamp black, asphaltum black, 
and vegetable black have either an animal or vegetable origin. 

The following table shows the stability in oils of different 
mineral pigments (Church, Chemistry of Paints and Painting) : 



Somewhat Changeable. 

Aureolin. 
Baryta yellow. 
Indian yellow. 
Strontian yellow. 
Chrome yellow. 
Cobalt green. 
Emerald green. 
Malachite. 
Prussian blue. 
Cologne earth. 
Earthy Vandyck brown. 



Untrustworthy. 

King's yellow. 
Zinc chromate. 
Bituminous Vandyck 
brown. 



Permanent. 

Baryta white. 
Zinc white. 
Flake white. 
Yellow ochre. 
Raw sienna. 
Vermillion. 
Indian red. 
Venetian red.' 
Light red. 
Red ochre. 
Ultramarine. 
Burnt sienna. 
Raw umber. 
Burnt umber. 
Cappagh brown. 
Caledonian brown. 
Prussian brown. 



All the pigments of copper, lead, and bismuth darken on 
exposure to sulphuretted hydrogen gas, while zinc and barium 
whites are unaffected. 



Paints. 

Paints are pigments ground up with a suitable medium, 
such as linseed oil, either in a " raw " or " boiled " condition, 
and can be stained with a mineral colouring matter to any 
tint desired. They are produced as a thick paste, and should 
contain about 75 per cent, of the pigment with 25 per cent, 
of oil. To prepare the paste for use with the brush, it is 
thinned down with turpentine alone, or with turpentine and 
linseed oil, and the requisite quantity of siccative added, to 
enable the paint to dry quickly. 
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A paint ready for use, to fulfil all the requirementa ot a 
covering or protecting agent to surfaces on which it is applied, 
should spread well, or, in other words, have good covering 
power, under the brush, and yet be sufficiently viacoua so 
that it will adhere without running. When applied, it should 
also leave coatB of equal tliickness, each coat should dry hard, 
without any tendency to peel or rub off, and be unaffected by 
any climatic inilueucea. 

The following are the mixings of some white market 
paints : — 

(1) 100 lb. zinc white ground in 22 lb. refined linseed 

oil. 

(2) 100 lb. zinc white, 40 lb. sublimed lead (sulphate 

of lead), 60 lb. English Paris white, ground with 
12i gallons raw linseed oil and 1 gallon benzine 
dryer. 

(3) 400 lb. sublimed lead (sulphate of lead), 100 lb. 

Dutch white lead, ground to a paste with 12 gaUona 
linseed oil, and thinned with 7 gallons oil dryer, 
14 gallous raw linseed oil, and 7 gallons emulsion, 
prepared from linseed oil and lime-water. 

(4) 1400 lb. subUmed lead, 340 lb. zinc white, 450 lb. 

Paris white, ground with 100 gallons Imseed oil, 
25 gallons benzine, 40 gallons silica solution (equal 
pai'ts of sugar of lead solution 3° B., and water 
glass solution 8" B.), 4 gallons oil dryer (prepftred 
by taking 5 gallous raw linseed oil, place in vatnisb 
kettle, heat to 300° F., and 10 lb. powdered flake 
hthai^e, and 1 lb. varnish lime. Heat till it hafl 
ft consistency equal to thick molasses and wiJl 
string strongly. Cool to 250° F. and add 150 
gallons naphtha), and 25 gallons turpentine. 

(5) 600 lb. subhmed lead (sulphate of lead), 600 lb- 

oxide of zinc, 300 lb. Dutch white lead, ground ia 
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250 lb. raw linseed oil, and thinned with 44 
gallons boiled linseed oil, 32 gallons raw linseed 
oil, 11 gallons oil dryer, 16^ gallons silica solution. 
{Board of Trade Journal.) 

In preparing a coloured paint for general work, the colour- 
mixer first produces a sample of the tint required, and then 
makes up the body of the paint with a white pigment and oil 
ground together. The colouring pigment is now added, the 
quantity being regulated by the shade of the sample. When 
the whole is mixed and matched, the proportion of dryers is 
added, and then the coloured paste is thinned down to a 
creamy consistence with turpentine. In the production of 
coloured paints the body should be of white lead only : for 
cheapness, however, inferior white pigments of little or no 
body or covering power are now added to the lead pigment. 

Special classes of paints, in which the ingredients to some 
extent are similar to those found in ordinary white or 
coloured paints, are brought into the market to fulfil certain 
requirements. These may be classed as (1) fire-proof paints, 
(2) preservative paints, (3) enamel paints, and (4) so-called 
luminous paints. 

Fire-proof paints consist largely of asbestos mixed with 
silicates incorporated with linseed oil. 

The anti-f ouling and anti-corrosive compositions are mainly 
prepared from zinc oxide and sulphide ground with a varnish 
made of naphtha, rosin, and gum. They are chiefly used for 
ships' bottoms. 

For iron surfaces, red lead forms an effective coating when 
mixed with oil. 

Enamel paints are used for decorative purposes, and are 
made by grinding a mineral pigment with a varnish, and 
tinting to requirements. 




by a d^l 



Lead Ores. — The estimation of lead i 
assay or by precipitation. 

Galena. — (a) Bi/ Bvy Assay. — The assaying of galena ore is 
best carried out by the iron process, which depends on the fact 
that at a red heat this metal decomposes sulphide of lead with 
the formation of sulphide of iron and metaUic lead. It is made 
in an iron crucible, which thus supplies the decomposing agent. 
An average sample of the ore is first crushed to a fine powder, 
sieved, and 20 grms. weighed out. The flux used is a mixture 
of 2 parts fused borax and 1 part diy carbonate of sodium 
iu a fine state of division, 20 grms, being taken and inta- 
matety mixed with the weighed ore. In charging, the crucible 
is first brought to a duU red heat in a coke furnace, and then 
the mixture of ore and flux carefully added. On raising the 
temperature to redness, the contents of the crucible liquefy 
with evolution of carbonic acid gas. When the mass has 
become quiescent, the crucible is partly removed from the 
fire aud the contents stu'red with an iron rod. On replacing 
in the furnace, the hejt is raised to bright redness for five 
minutes to effect the complete decomposition of the sulphide 
of lead. Now remove the crucible and pour the contents into 
an ii'on mould, taking care that any metaUic beads of lead 
which may attach themselves to the sides of the crucible are 
removed and added to the mould. When cold, the button 
of metallic lead with its covering of slag is easily removed, 
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broken, and the button separated. On washing and brushing 
to remove any adhering particles of slag, the button is dried 
and weighed, and an opinion formed of its quality by its 
colour and softness. 

If the ore contains antimony it will be found, on reduction, 
in the button of lead, and giving to it a certain hardness. In 
the assay, the antimony can be oxidised and thus retained in 
the slag by using a little nitrate of potash with the flux. The 
whole of the silver in the ore is reduced and found incor- 
porated with the lead, and to estimate the amount the button 
undergoes the process of cupellation, by which the lead is 
oxidised to litharge, leaving the silver untouched (see Percy's 
Metallurgy of Lead and Silver). Cerusite, or carbonate of lead, 
anglesite, or sulphate of lead, and other lead ores, are assayed 
in a similar manner, using, however, an earthen crucible 
instead of an iron one, and fusing with a flux composed of 6 
grms. argol, 18 grms. carbonate of sodium, and 12 grms. of 
salt, to every 15 grms. of ore taken. 

In estimating the lead in fumes, cupel bottoms, and re- 
fractory slags, the flux used is a mixture of 13 grms. argol, 
26 grms. carbonate of sodium, and 13 grms. fused borax, the 
whole being ground to a fine powder and intimately mixed 
with 26 grms. of the slags, etc., reduced to a fine condition. 
The treatment in the furnace and the after-separation of the 
button of lead is similar to that of galena ; the reduction, how- 
ever, is carried out in an earthen crucible. 

(&) By Precipitation. — Take an average sample of the 
galena ore, crush finely, and pass the whole through a sieve of 
fine mesh. Take a porcelain crucible and weigh out 3 grms. 
of the powdered ore, add 20 c.c. of strong nitric acid, and heat 
on a sand-bath for fifteen minutes, then mix with 16 c.c. 
strong sulphuric acid, and continue the evaporation nearly to 
dryness. Cool, add a few drops of sulphuric acid and about 
50 C.C. of water, heat nearly to boiling, and filter, washing the 
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residue with hob water until the filtrate ia free of any acidity. 
Now wash the residue, which is mainly sulphate of lead, into 
a beaker with the least possible quantity of hot water, and 
add 100 c.c. of a dilute solution of carbonate of aodium, and 
bring the whole to the boil for ten minutes. Throw on to a 
filter and wash the precipitate with hot water until thewaeh- 
ings are no longer alkaline. The precipitate is carbonate of 
lead, along with any insoluble foreign matter, as silica, etc. 
Wash into a beaker with as small a quantity of water as pos- 
sible, and slowly add strong acetic acid till the solution is 
acid ; the effervescence is due to the liberation of carbonic acid 
gas, and care must be taken that no loss is occasioned by 
Bpurting. Boil for a few minutes, and then allow to stand for 
a time. Filter and wash well with hot water. The reeidue 
on the filter ia the insoluble matter, silica, etc., while the 
filtrate contains the whole of the lead as soluble acetate. If 
the filtrate is bulky, it is concentrated by slowly evaporating 
on the water-hath, and then dilute sulphuric acid until no 
further precipitate is formed ; heat for ten minutes, and filter. 
The precipitate of sulphate of lead is washed with hot water, 
dried, ignited, and weighed as PbSOj, and from the amount 
found the lead is calculated. 



Example — 

Weight of ore taken 3 

Weight of PbSO^ found .... 37 
Equivalent to metallic lead . . 2'5! 

2-53 X 100 
Then s =84-33 per cent, of lead in the 



H Vi1(tTii?0 " 



Zitic Ores. — The estimation of zinc in calamine and blende, 
the ores of ziuc used for metallurgical purposes, is conducted 
in the wet way by precipitation. 

(a) Calamine. — Five grma. of the ore finely powdered are 
weighed out into a beaker, and treated cautiously with 10 c.c. 
strong sulphuric acid ; after the effervescence has subsided, 



ANALYSIS OF RAW AND FINISHED PRODUCTS 207 

place the beaker on sand-bath and evaporate to dryness, then 
cool, add a few drops of hydrochloric acid and a little water 
and bring to the boil. Filter and wash well with hot water. 
Neglect the residue, and to the filtrate add sulphuretted 
hydrogen until no further precipitate is formed. Throw on to 
a filter and wash well with sulphuretted hydrogen water. The 
precipitate formed is sulphide of zinc, which is completely 
dissolved in nitric acid, then make the solution strongly 
alkaline with carbonate of sodium, and filter off the precipi- 
tated carbonate of zinc, wash with hot water, dry, ignite, and 
weigh as oxide of zinc, from which the amount of zinc is cal- 
culated. 

Example — 

Weight of ore taken 5 grins. 

Weight of ZnO found .... 2-81 „ 

Equivalent to metallic zinc . . . 2*26 „ 

2-26 X 100 
Then ^ = 45*20 per cent, of zinc in the ore. 

(&) Blende, — The analysis is carried out in a manner similar 
to that of calamine, excepting that the ore is dissolved in a 
mixture of nitric and hydrochloric acids. The metal is pre- 
cipitated as zinc carbonate, with sodium carbonate, which, 
after washing, is dried, ignited, and weighed as oxide of zinc, 
and from the result the percentage of zinc is calculated. 

Example — 

Weight of ore taken 5 grms. 

Weight of ZnO found . . . . 3*32 „ 

Equivalent to metallic zinc . . . 2*66 „ 

2-66 X 100 
Then ^ = 53*20 per cent, of zinc in the ore. 

Iron in Commercial Zinc, 

To detect in a simple way the presence of iron in zinc, 
Fresenius dissolves the metal in dilute sulphuric acid, in a 
small flask provided with a gas evolution tube, the outer limb 
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of which is placed under water. After the solution of the 
metal ia completed, the water is allowed to partly recede into 
the flask, then completely cool, and add, drop by drop, a dilute 
solution of potassium permanganate. If a drop indicates the 
same red tint bo the solution of zinc as to an equal yolume of 
acidulated water, the zinc may be eoneidered free fi'om iron. 

Ajmli/tls of White Zead Pninf. 
A genuine lead paint should consiat only of Dutch corroded 
white lead ground up with its proper proportion of linseed oil 
In commerce many so-called white lead paints are found made 
up with a minimum of genuine lead and a maximum of cheap 
materials, such as clay, carbonate of lime, carbonate of barium, 
sulphate of barium, oxide and sulphide of zinc, etc., and ground, 
not with good linseed oil alone, but with a mixture of linseed 
with mineral oOs. Eosin oil and rosin spirit are also uaed 
as adulterants. The following foim of analysis, devised by 
Stillman, and which gives very reUable results, will enable 
an estimate to be made of the value of a sample submitted. 
Into a 150 e.e. flask weigh 10 gi-ma. of the paint to be e.v 
amined, and add 50 c.c. of ether by means of a pipette, shalte 
to mb: the whole together, then cork and set aside for two 
hours. Then pour the contents on to a filter, collecting the 
filtrate in a tared beaker, wash the fiask completely with 
ether, and add the washings to the filter. The residue on 
the filter contains the whole of the mineral matter of the 
paint, while in the filtrate ai'e found the oils used. Label 
the filter No. 1, and place on one side, and proceed with the 
filtrate as follows: — Place the beaker containing the filtrate 
in the air oven and heat to 1 05° C, which evaporates the ether 
and any moisture present, and re-weigh. The result is the 
total weight of oil or oils present in the sample. If minenJ 
oil has been found during a qualitative testing, add to the 
tared beaker about 50 c.c. of an alcoholic solution of potash, 
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and evaporate in the air oven until the whole of the alcohol 
is expelled; the result is the formation of a soap by the 
saponification of the linseed oil present, the mineral oil 
remaining unacted on. Now add 60 c.c. of water to dissolve 
the soap, and transfer the contents of the beaker to a separat- 
ing funnel, with the addition of about 30 c.c. of ether. Shake 
well and set aside for ten hours to allow a complete separa- 
tion. The water, in which is dissolved the soap formed, is 
now drawn ofif, leaving the mineral oil unsaponified in the 
ether solution. Draw off the latter into a tared porcelain 
dish and evaporate in the air oven at 105° C. for eight hours, 
and then re-weigh the dish. The difference in weight 
indicates the amount of mineral oil present, and this, sub- 
tracted from the total weight of oils found, gives the amount 
of linseed oil present in the sample. 

Example — 

10 grams, of sample taken. 
Total weight of oils found .... 2*500 grms. 
Weight of mineral oil found . . . '606 „ 

Leaving linseed oil . . . . 1*894 „ 
The percentage then is 1*894 x 10 = 18 "94 linseed oil. 

•G06 X 10= 6-06 mineral oil. 

The filter No. 1 is treated as follows : — 

The residue on the filter contains all the mineral present 
in the paint. It is dried, and the paper and contents then 
placed in a beaker and treated with hot acetic acid ; a little 
water is added, and the whole brought nearly to the boil, 
then filter and wash with boiling water. 

The residue on the filter may contain any sulphates of 
baryta, lead or lime, clay, silica, etc. ; place on one side, and 
label No. 2. The filtrate contains lead, zinc, barium, and 
lime, previously existing in the paint as carbonates. Add 
sulphuretted hydrogen water until no further precipitate is 
14 
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produced, and filter, washing the precipitate with the Eame 
re-agent. Mark the filtrate No. 2, and place on one side. 
The residue contains lead and zinc as sulphides, which aie 
completely dissolved in nitric acid ; sidphuric acid is then 
added, and the liquor evaporated nearly to dryness on a 
water-bath ; add a little water and wash the whole on to a 
filter, wash with hot water, dry, ignite, and weigh as sulphate 
of lead (PbS04), and from the data obtained calculate to the 
basic carbonate ot lead (2rbC0a. l'bHA> The filtrate 
contains the zinc, the solution is made alkaline with car- 
bonate of soda, and then boiled ; the precipitate of carbonate 
of zinc is collected on a filter, washed uutil free from 
alkali with hot water, and it is then dried, ignited, and 
weighed as oxide (ZnO). If sulphide of zinc has heen 
found in the qualitative test to have been used with the 
oxide, the calculation is then made on the oxide and sulphide 
of zinc (ZnO.ZnS). The filtrate marked No. 2 is now 
boiled to get rid of the sulphuretted hydrogen, hydrochloric 
acid added to excess, and then dilute sulphuric acid ; the 
precipitate of sulphate of barium is filtered, washed with hot 
water, dried, and weighed as sulphate of barium (BaSOJ 
If the barium salt existed as carbonate in the oiuginal sample, 
it is calculated as EaCOj, In the filtrate, which is rendered 
alkaline with timmonia, the lime is precipitated as oxalate by 
the addition of oxalate of ammonia, and the precipitate, after 
washing and drying, is ignited in a muffle furnace and 
weighed as lime, from which the carbonate (OaCOa) is cal- 
culated. The i-esidue on the filter marked No. 2 is now 
transferred to a small fiask, and digested in the cold for 
twelve hours with a saturated solution of carbonate ot 
ammonia, or, still better, a few lumps of the carbonate are 
added. Filter and wash well, throw away the filtrate, and 
treat the residue with hot acetic acid in a small ilask, 
then filter. The residue contains sulphate of barium, silica, 
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and clay ; label No. 3, and place on one side ; the filtrate 
contains the lead and lime acetates. Saturate the solution 
with sulphuretted hydrogen, whereby the lead is precipitated 
as sulphide. Filter off the precipitated sulphide, wash with 
sulphuretted hydrogen, dry, and then transfer the residue to 
a porcelain crucible; add nitric acid and evaporate with a 
few drops of sulphuric acid nearly to dryness ; add a little 
water, and wash the contents of crucible on to a filter ; wash 
with hot water, dry, ignite, and weigh as sulphate of lead 
(PbSOJ. The filtrate from the lead precipitate is boiled to 
expel the sulphuretted hydrogen, and then rendered alkaline 
with ammonia ; oxalate of ammonia is now added, and the 
precipitated oxalate of lime is washed, dried, ignited in a 
muffle furnace, and weighed as lime (CaO), and then calcu- 
lated to sulphate (CaSOJ. The residue on the filter marked 
No. 3 is dried, then transferred to a platinum crucible and 
fused with anhydrous carbonate of soda ; cool, and then place 
crucible and contents in a small beaker; add a little water, 
and heat to nearly 100° C. Filter and wash well the 
residue. The filtrate contains the silica and alumina com- 
bined with the alkali, while the residue on the filter is 
carbonate of barium. Dissolve the barium precipitate in 
hydrochloric acid, dilute with a little water and add excess 
of sulphuric acid. The precipitate of sulphate of barium is 
washed, dried, ignited, and weighed as BaSO^. The residue 
on the filter is acidified with hydrochloric acid and evapor- 
ated to dryness on the water-bath, a few drops more of the 
acid added and a little hot water, and the whole contents of 
the basin washed on to a filter. The residue is gelatinous 
silica, which is washed, dried, ignited, and weighed as SiOg. 
In the filtrate, which is made alkaline with ammonia, and 
the precipitate boiled, filter, wash, dry, and ignite as AlgOg. 
Calculate the amount found to clay Al2(Si03)2. 
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Oil. 

The inferior qualities of a linseed oil may not only be 
derived from the quality of the seed expressed, but also from 
its admixture with mineral n.nd other oils, which are pur- 
poaely added for profit. 

The following is a complete testing of linseed oil to 
determine its quality : — 

(a) Specific G-mviii/. — The density should be '930 at 
15°C. 

(b) SolidifyiTig Point. — From —20° to — 27°C. 

(c) Colour He-action with Strong Sidphuric Add. — On 
adding one drop of the acid to a few drops of the oil placed 
in a watch-glass, resting on a sheet of white paper, the 
colour changes to blackish-brown. 

(d) Mineral Oil. — The mineral oil present is estimated 
by we^hing into a beaker 10 grms. of the oil, and adding 
50 c.c. of an alcoholic solution of potash (80 grms. KHO to 
1 litre of 98 per cent, alcohol); heat on the water-bath for 
fifteen minutes, with frequent stirring, and then add 50 c-c, of 
water and allow to cool. On cooling, 30 c.c, of ether are 
mixed with the soap solution, and the contents of the beaker 
are transferred to a separating funnel. Shake well, and 
allow to stand for two hours. The two layers of liquid 
represent (1) the ether solution containing the mineral oil, 
and (2) the soap solution containing the fatty acids. The 
ether solution is run into a tared fiask, which is placed in an 
air oven and heated to 105°C. for eight hours. On cooling, 
the flask is re-weighed, the difference in the two weighings 
representing the amount of mineral oil in the sample 
taken. 

In the soap solution, the fatty acids forming the linseed 
and any other fat oil added are determined according to tbfl 
method di'scriiicd on page 208, 
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(e) Elaidin Test — This test depends on the production of 
a solid elaidin by the action of nitric acid on the olein of 
fatty oils other than linseed oil. With the latter a 
liquid product solely is formed. Poutet and Archbutt, make 
the test by dissolving 1 c.c. of mercury in 1 2 c.c. cold nitric 
acid, taking 2 c.c. of the solution and adding it to 50 c.c. of the 
oil to be tested, placed in a flask. The temperature is kept 
at 10° to 15° C, and the contents are agitated every ten 
minutes for two hours. The mixture should remain liquid 
with pure oil. 

(/) Dryiiig Properties. — To ascertain the drying qualities 
of the sample of oil, 5 grms. are weighed into a shallow 
porcelain dish, or preferably a watch-glass, to a temperature 
of 100° C, in a water oven, for four hours; the oil should 
then become thick and refuse to flow, with a tendency to 
" skin " on the surface. The increase of weight from ab- 
sorption of oxygen will average '25 per cent, per hour in 
a pure oil. 

{g) Saponification Value, — The saponification value of an 
oil is the number of grammes of oil decomposed by a normal 
solution of potash (KHO) or soda (NaHO), and it is found 
by dividing the percentage of potash or soda required for 
saponification into 5610 for the former and 4000 for the 
latter. With the presence of mineral oil the saponifica- 
tion value of a so-called linseed oil is lowered in propor- 
tion to the amount present, owing to the non-saponifiable 
nature of the added oil. From this difference in saponifica- 
tion value the percentage amount of the adulterant may be 
calculated. The values for good raw and boiled oil are 
193 and 190 respectively. 

Oil of Turpentine. 

Commercial oil of turpentine is very often adulterated 
with light tar oils, petroleum spirit, and resin spirit. For 
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their detection the refractometer ia uaed. This inetruinent, 
invented by Jean and Amagat (see full instructions for iiee 
in Dr. Muter's artiel'' in Anuljid, May 1S90), is iirst set 
with good oil of turpentine, and then the genuine is run oat 
of the prism and the sample is substituted. The presence ol 
either light oil of tar or of petroleum spirit is shown by the 
powerful left-handed refraction produced. Thus 10 per 
cent, of light oil of tar present in the sample will produce a 
deviation of 40°, while the same amount of petroleum spirit 
will deviate about 15°. 

Pure American turpentine has a specific I'Otatory power 
of +21-5°. 



) 



Colour Tests of Givund JVJiUe Lead. 
To compare the shade of a sa 



ith a I 



ground lead, take a portion from each with a palette knife, 
and press together on a glass plate until the samples unite. I 
The line of contact will be clearly marked if they are not j 
identically of the same shade. 



Dry White Lead. 

Dry white lead is often found adulterated with the 
phates and carbonate of barium, sulphate and carbonate ol 
lime, clay, sulphate of lead, etc. 

These adulterants act mainly in lowering the density and 
opacity of the lead, and consequently in proportion to the 
amount present the white lead loses in covering power when 
apphed with the brush. 

They are estimated by dissolving the sample in aoetic 
acid and bringing the whole to the boil, then filtering and 
washing, and proceeding as in the residue Ko. 2 and filtrate 
No. 2 in the analysis of white lead paint (p. 



208). ^J 



ANALYSIS OF RAW AND FINISHED PRODUCTS 215 

Red Lead. 

Eed oxide of iron and brick-dust are sometimes used to 
adulterate red lead. They are detected by the simple method 
given on page 121, or by dissolving the red lead in hot 
dilute nitric acid, when the brick-dust remains insoluble. 
The oxide of iron is found by boiling red lead in dilute 
hydrochloric acid, filtering, and adding a solution of ferro- 
cyanide of potassium ; a dark precipitate of Prussian blue 
indicates iron. 



[Tables. 



TABLES. 



TABLK OF ATOMIC WEIGHTS. 
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TABLE OF THE COMBINATION OF COLOURS TO PRODUCE A 

REQUIRED TINT. 

he first-named colour is the principal ingredient, and the others follow in the 
order of their importance. Thus, in mixing a limestone tint, white is the 
principal ingredient, and red the colour least needed. The exact propor- 
tion of each depends on the shade required (Dick). 



Compound Colours. 


Simple Colours Needed. 


Buff 


White ; yellow ochre ; red. 


Chestnut . 










Red ; black ; yellow. 


Chocolate 










Raw umber ; red ; black. 


Claret 










Red ; umber ; black. 


Copper . 










Red ; yellow ; black. 


Dove 










White ; vermillion ; blue ; yellow. 


Drab 










White ; yellow ochre ; red ; black. 


Fawn 










White ; yellow ; red. 


Flesh . 










White ; yellow ochre ; vermillion. 


Freestone 










Red ; black ; yellow ochre ; white. 


French grey . 










White ; Prussian blue ; lake. 


Gold 










White ; stone ochre ; red. 


Green bronze 










Chrome green ; black ; yellow. 


Green pea 










White ; chrome green. 


Grey 










White lead ; black. 


Lemon . 










White ; chrome yellow. 


Limestone 










White ; yellow ochre ; black ; red. 


Olive 










Yellow ; blue ; black ; white. 


Orange . 










Yellow ; red. 


Peach 










White ; black ; blue. 


Pink 










White ; vermillion ; lake. 


Purple . 










Violet, with more red and white. 


Rose 










White ; madder lake. 


Sandstone 










White ; yellow ochre ; black ; red. 


Snuff 










Yellow ; Vandyke brown. 


Violet . 










Red ; blue ; white. 



ABLE SHOWING THE PERCENTAGE AMOUNTS BY WEIGHT OF 
DIFFERENT PIGMENTS REQUIRED TO PRODUCE VARIOUS 
TINTS WITH ZINC WHITE (Payen). 

Tint. Composition. 

Azure blue .... 1 part indigo. 

Pearl blue . . . . 1 „ charcoal. 

Slate blue . . . . .100 parts zinc dust. 



Straw yellow 
Chamois . 

Lemon yellow 

Gold colour 
Water green 



{ 



^ 

3 
3 



10 

8 



>> 



>> 



>> 



>> 



>> 



>> 



>> 



lead chromate. 
yellow ochre, 
cinnabar, 
chrome yellow. 
Prussian blue, 
chrome yellow. 
Prussian blue. 
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^^H 


Composition. 1 


■ Gm,g,..n . . . . 1 100 pTtodTom. yellow. | 

^H " 1 ^ „ Prussian blue. | 


^H Olive green ' 1 12 ' 


jeliow ochre, 
ivory black. 


^H ( 


yellow ochre. 


^^H Bronze green . ' ( " ' 


chrome yellow. 
Pnisaian blue. 


^H 6 


ivory black. 




TABLE OF THERMOMETRIC DEGREES. 






Cfentiitrnde. 


Fiihrenhell, 








Freozing 0° 


Froezing 32° 


Freezing 








S" 


41° 












10° 
1S° 


50° 
f.B° 


8 

„ la 










20" 


68° 


18 










2r.° 


77° 


„ 30 










BO- 


86° 


24 










SS" 


9S° 












40° 


104° 


',', Si 










45" 


;, 113' 


„ 86 










60° 


,. 122° 


« 










BS" 


131° 


** 










60° 


140° 


48 










86° 


149° 


52 










70° 


158° 


58 










76° 


„ 107° 


„ 60 










80° 


.. II'B" 


6* 










85° 
90° 


185° 
194° 


as 
72 










BS" 


203° 


76 








BoQing 100° 


BoUing212° 


BoiHng 80° 












^^P Full ten libit to Centigrude 


5(F-32)_„ 
9 


Tahreuheit to Eeaumiir . 


4(F-32)^g_ 


Centigrade to Fahreiiheit 


t^;^^32 = F. 


Centigrade to Reauninr . 


'h - 


Reaumur tn Fahrenheit . 


^-^%32 = F. 


A 


4 
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TABLE SHOWING THE HEAT AND ELECTRICAL CONDUCTING 

POWER OF WELL-KNOWN METALS. 

Order of Heat Conducting 
Power. 

Gold. 



Platinum. 

Silver. 

Copper. 

Iron. 

Zinc. 

Tin. 

Lead. 



Order of Electrical Conducting 
Power. 

Copper. 

Gold. 

Silver. 

Zinc. 

Platinum. 

Iron. 

Tin. 

Lead. 



TABLE SHOWING PERCENTAGE COMPOSITION OF SOME CLASSES 
OF BUILDING STONES (Daniell and Wheatstone). 



Nature of Stone. 


Sandstones. 


Magnesian 
Limestones. 


1 

Oolites. 


Name of Locality. -j 


Darley 
Dale. 


Heddon. 


Park 
Nook. 


Bolsover. 


Bath 
Box. 


Ketton. 


Silica .... 
Carbonate of lime . 
Carbonate of magnesia . 
Iron and alumina . 
Water and loss 
Bitumen. 


96-40 
0-36 

i-30 
1-94 

• • • 


95-10 
0-80 

2-30 
1-80 

• • • 


55-70 

41-60 

0-40 

2-30 

• • • 


3-60 

51-10 

40-20 

1-80 

3-30 

• • • 


94-52 
2-50 
1-20 
1-78 

traces 


9*2-17 
4-10 
0-90 
2-83 

traces 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 



TABLE OF THE ALLOYS OF LEAD, TIN, AND BISMUTH, AND 

THEIR MELTING-POINTS. 



Parts Lead. 


Parts Tin. 


Parts Bismuth. 



Melting-Point Fahr. 


25 




558'^ 


10 







541° 


5 







511° 


3 







482° 


2 







441° 


1 







370" 


1 


H 





334° 


1 


2 





340° 


1 


3 





356° 
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TADLE OF THB ALLOYS OF LEAD, Src.—ConiimKd. 



TuuLeml. 


Parts Tin. 


,™— . 


HeleSng-t^ntr^r. 


1 


i 





366' 


{ 


S 



■ 


378' 
381" 


4 
3 


i 
3 


I 
1 


320" 

310° 


-2 




1 


292° 

254° 


2 
3 

5 


1 
6 
3 


I 

s 


238° 

202° 
197° 



TABLE OF THERMAL EQUATIONS FOR THE METALLDEGICAIi 

OPERATIONS IN LEAD AND ZINC SMELTING (RonERTS-AuffraN). 



(1) PbS +30 
17-8 

(2) PbSO, + PbS 
216-2 17-8 

(3) Pb80^ + 2C 
216-3 

(i) 2PbO +PbS 
2 X 51 17-8 

(5) PbS +Fe 
17-8 

(G) 2PbO +C 
2x51 

(7) PbO +C0 



= PbO 4- SO,. 

51 71 " = +104-3. 

= 2S0j +2Pb. 

2x71 = - 92-0. 

= 200^ +PbS. 

2x97 17-8 = - i-4. 
= 3Pb +SO2. 

71 = - i8-8. 
= Pb + FeS. 

23-8 = + 6-0. 
= 2Pb + CO.,. 

97 ' - - 50. 



= Pb +CO2. 

97 = + 17-0. 
(P) PbS +3PbS0^ =4PbO +4S0,. 

17-8 3x216-3 4x51 4x71 = -180-4. 



(1) ZnO + C =Zii + C0. 

86-4 29= -57-4. 

(2) ZnO + CO = Za+C0.. 

86-4 29 97= -18-4. 
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TABLE OF THE PHYSICAL PROPERTIES OF METALS. 



Name of Metal. 


Weight of a Cb. In. 
in Lbe. 


Tenacity in Lbs. 
per Sq. In. 


1 
Crushing Force in 
Lbs. per Sq. In. 


Antimony 


•242 


1,066 


• • • 


Bismuth . 


•36 


3,250 


• • • 


Brass (cast) 


•30 


17,978 


10,300 


Copper (cast) . 


•32 


19,072 


11,700 


Gold 


•70 


20,400 


• • • 


Gun metal 


•30 


36,000 


• • • 


• Iron (wrought) 


•28 


60,000 


38,000 


Lead (cast) 


•41 


1,824 


7,000 


Mercury . 


•4*9 


• • • 


• • • 


Silver 


•38 


41,000 


• • • 


Steel 


•28 


12,000 


• • • 


Tin . .... 


•26 


5,000 


15,000 


Zinc 


•25 


8,000 


• • • 



TABLE OF THE WEIGHTS OF VARIOUS MINERALS. 

1 cb. ft. of water weighs 624 lb. at a temperature of 60° F. By ascertaining 
the spec. grav. of a substance and multiplying with 62J, the exact weight 
of 1 cb. ft. in lbs. is obtained. 



Mineral. 


Lbs. (Avoird.) 
1 Cb. Ft. 
Weighs. 


1 

Mineral. 


Lbs. (Avoird.) 
1 Cb. Ft. 
Weighs. 


Anthracite coal . 


94 


Calamine . 


190 


Grey copper 


300 


Fluor spar. 


186 


Antimonial silver 


600 


Flint 


110 


Arsenical iron pyrites . 


370 


Galena 


465 


Barytes 


310 


Limestone (hydraulic) 


150 


Witherite . 


248 


,, (magnesian) 


130 


Building stone com- 




Iron p3a*ites 


280 


prising granite. 




Tin ore . . . 


434 


gneiss, syenite, etc. 


186 


Red zinc ore 


331 
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^H TAULK OF THE WEIQHTa OF 1 SQDAKE FOOT OF LEAD AND 


H 


COPPER IN LBS., FEOM ^ TO i INCH IN THICKNESS. 




■ 


Th[.:kn™. 


Lbs. Lou). 


Lba. Coppi^r. 




,', inch 


1-85 


1-4B 


B 


1 . 




3-70 
5-54 
7 '39 


2-60 
4 '35 

5-ao 






A ; 




0-24 


7-26 






A , 




iro8 


871 




H 






12-93 

14-77 


10-ie 
11-61 




H 






ie'47 


13-07 
14-52 




H 






20 31 
22 -1(1 


!B-9r 
17-41 






is . 




24 '00 


18-87 






A , 




25 '85 


20-32 




■ 






27-70 
29-55 


21-77 
23-22 




^1 TABLE SHOWlNtS IN THEIR OEDEE THE COMPAEATIYE | 


H 


PBOPERTIES OF WELL-KNOWN METALS. 




^1 


Order of 


Order ol 


Order of 


Ordetof ' .OrdMOf 




■ 


Hsllwlrility. 


DadJIily. 




T^nuuitj-. PnnWlflr. 




Gold 


Gold 


Antimony 


Iron Tin 




Silyer 


Silver 


Ai'senic 


Coppr BUmntii 
Plalmum Lead 






Gopper 


PlKtiuum 


Bismuth 






Tin 


Iron 


Chromium 


Silvar Zinc 






Cadmium 


Coiiper 


Cobalt 


Gold Antinioiir 






Platinum 


Ziuil 


Mal^denum 


Zinc Silver 






Lead 


Tiu 


s:d a" 






Zinc 


I,ead 








Iron 


Niokd 


Titanium 


Irou 






Nickel 


Palladium 


TuuKsten 


Nickel 




w 


Fotasainm 




Uranium 


M«ig«ie»i 


« 


THE ^^^B 



INDEX 



Abel's method of obtaining zinc 


PAGE 

5 157 


Babbitt metal . 


• 


• 


PAGE 

25 


Acetate of lead ... 32, 187 


Backwoods hearth 


• 


63, 64 


of manganese . . 172,185 


Bag-room . 


• 


168 


, 169 


Aciculite .... 


4 


'*B"alloyP.R.R. . 


• 


• 


25 


Adulterants of red lead 


. 121 


Barium sulphate 


140, 


141 


, 172 


of white lead 


. 117 


Barytes 


• 


173 


,176 


Aich metal 


. 145 


where found 


• 


• 


176 


Ajax metal 


. 25 


Basic carbonate of lead 


• 


• 


112 


Alessandrina 


. 175 


nitrate 


• 


• 


139 


Alloys of zinc 


. 144 


white lead . 


• 


128, 


129 


Alston Moor, smelting at . 


. 64 


Bastardone 


• 


• 


176 


Altaite .... 


4 


Belgian process of obtaining 


zinc 


147, 


American ore-hearth 


63, 66 








148 


Ammonio-chloride of zinc . 


. 163 


zinc furnace 


• 


149, 


, 150 


Analyses of blende and calamine 


143 


Benzoate of manganese 


• 


• 


186 


Analysis of brass wire 


. 145 


Bethridge and Edward's magnetic 




of crude litharge 


. 102 


separator 


• 




51 


of hard lead 


. 89 


Binnite 


• 




4 


of lead fume 


. 86 


Bismuth . 


• 




139 


of white lead 


. 113 


Black sulphide of lead 


• 




117 


of zinc and copper alloy 


. 145 


Blast furnace 


• 




72 


Anglesite .... 


4,6,9 


furnace, chemical 


changes 




Anti-corrosive composition 


. 173 


in . 


• 


• 


76 


fouling composition . 


. 173 


Bleiberg furnace 


• 


• 


61 


friction metal . 


. 25 


Bleinierite . 


• 


• 


4 


Antimonious oxide 


140 


Blende . . 41, 


142, 


146, 


151 


Antimony alloyed with lead 


26 


analysis of 


• 


143, 


207 


Aqua-regia, action on lead . 


23 


''Blue Billy" . 


• 




81 


Araeoxene 


4 


Boiled linseed oil foots 


• 






173 


Argentiferous litharge, reductior 




Bonner's pigment 


• 






128 


of . 


103 


Borate of manganese . 


• 






186 


Arsenic acid, action on lead 


23 


of zinc 


• 






186 


Arsenious acid, action on lead . 


23 


Bottone's electrolytic process 






132 


Arsenomelane .... 


4 


Boulangerite 








4 


Artificial zinc sulphide 


165^ 


Bournonite 








4 


Atomic weights, table of . 
Australian lead mines 


216 


Brass wire . 








145 


21 


Brick dust 








121 


Austrian lead, analysis of . 


89 


British coinage . 








146 


process of reverberatory 

smelting .... 




lead mines . 








16 


61 


lead mining 








8 


Austro- Hungarian lead mines . 


16 


Brogniardite 








4 



223 



224 



INDEX 



Broken Hill mines 
Bronze .... 
Brown acetate of lead 

electrolytic process 

Bucker for crushing of lead 

ore .... 

Buddie .... 
Building stones, composition of 
Bunu and Case's pigment . 
Burnt alum 
Buttercup yellow 
Butter of zinc . 



PAGE 

21 
146 

33 
130 

42 
43 
219 
129 
187 
163 
164 



. 140 

41, 142, 146, 151 

. 143, 206 

... Zt£i 

. 77 



Cadmium white . 
Calamine . 

analysis of . 

Calcination of lead 

of ores .... 

Calcining furnace, softening of 
lead in . 

Caledonite 

Calomel 

Camelia metal .... 
Canadian lead mines . 
Carbonate of lead 

of lead by electrolysis 

of magnesia 



Car box metal 

Cassel yellow 

Cerasin 

Cerusite 

Charlton white 

Chemical changes in blast furnace 

properties of lead 

Chileite 

China-clay 

Chinese white . 

Chiviatite . 

Chloride of lead . 

Chloro-sulphite of lead 

Chronic lead poisoning 

Clausthalite 

Clere's method of obtaining 

zinc .... 
Clichy white 
Colouring of red lead . 

oven .... 

Condensation of lead fume . 

Conkliug magnetic separator 

Cop{)er pyrites . 

Corbett's pigment 

Cotunnite . 

Cowper-Coles' method of obtain 

ing zinc 
Crocoisite 



88 

4 

. 173 

. 25 

. 21 

. 35 

. 130 

. 140 

. 25 

. 40 

4 

4,6,8 

140, 166 

76 



Crystalline cerusite 
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Borthenwliru Cnuiite and CC Bodi'es. MiHellsoeous Bodies, Sagger and Crucible Clayl. 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustle Tile BodiM, 
Body Slaini. Coloured Uipi.— II.. Qluea. China Ulstes, Ironstone Ulaies, EarthenwiR 
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COLOURING AND DECORATION OF CERAMIC 
WARE. By Alex. Bbongmabt. With Notes and Additions 

by AlphonSe Salvetat. Translated from the French. 200 pp. 1898. 
Price 7s. 6d. ; India and Colonies, Ss. ; Other Countries, 8s. 6d. ; 

Contents • 

Thc! Pastel. Bodies or Ceramic Artictei Capable of being DeEoraled by VitriBable Coloun 

Colours— The Oxides— Preparation al Olld«— Preparation of Chronules— Preparation of 
other CoJmim— Comptailion and Preparsilon of Flutea— Muffle Colouri— RecipM (or Coloun 

Paues— Underglaie Coloun-^Coloiira in the feiue-OvergUui Colours^^'inling in Vitri- 
sliltiDg tram the Actions of the Fire— Allerationi Ruulling'7ram "he ColoJ^— Alterations 1^ 
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Under Sheds— Drying-rooms in Tiers, Closed Drying-rooms, in Tunnels, [n Galleries— De- 
tailed Estimates oF the Various Drying-rooms, Comparison of Prieea— Transport from 
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TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Chahpentieh, Expert Chemical Engineer, Asaaver ot the 
French Mint, etc., by Joseph Kknnrll. Royal 8vo. 437 pp. 178 
Illustrations. 1902. Price 12a. 6d. ; India and Colonies, 13s. 6d. ; 
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■ Fancy Goods Manufacture. I 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE. HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 

^WOOD. A Practical HajnibooU lur the Use „f Jouuts, 
Turaers, Manu&cturers of Fancy Goods, Stick and Umbrella Makers, 
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Colonies. 5s. 6d. ; Other Countries. 6s. net. 
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Building and Arcliitecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS: 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
PHinlers and House Owners. By Adolp Wilhelm Keim. Translated 
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Coloured Plates and Thirteen Illustrations. Crown 8vo. 115 pp. 1302. 
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SIDEBOLOGT: THE SCIENCE OP IRON (The Con- 
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